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a a >a1 j A^iajjl jluiVI Cjljjiaij Alutlui 

(_gjl > ^>"^VI jaiII LjjoiLui) l£j^-a 4ij*»a]l Aj3 dla-lina) ji-aC ^ ^jxJI [^jlal] 
_jj^xll .lie. 

CjLoiI-LuJI (j^s J-ic- AjJj jLlaj ^ ^ijj AajjaJI A «\h'i<\ll j 

; lg_Laj ^ jlxll j <Lu j*JI 4jcI3Lj ^jistJ ^gjil ( " lb \ <-\ jail j 

_a142 8 cMiJ 31 -^i* 1 ^ crfj* 11 ^ j^'y^ cs- 0 ^ 1 uW 11 : Vj 
diaaJI <iJ jj£ jij tAjjjJI felL ^UuA^I Sjjj-^ g^l p2 0 0 7 

4_uj*JI Ajtlll jjjJaa. <_! j^-jj : ( _gii La ^gjc (j-ai ' " lia d^Lala-all j ^^-aLcll 
.(Lojjc.j ClujajVI j t^lc-Vlj 4 JL-ajVi (JjLj j lillj ^ Lu ^jLuJI 
(jojjl ^jjll <Lp jxjoJI AjjjjcII 4£LuJI ^gi <<4jj&i]l j ^ jlxl] 4_ala jll AjujLuJI» : Lulj 
t jlill j (Jjjiill j 4sIoa1I : is A 4jt>j"iI jlujj AajflJ isjjic- LS-^j -iLuc-l Igic- 
Aoiajj t4jjasJI AjjSdll j c(jjLll) jkj^sl) AjaLiIaII diUjalU j t CLiLjI j <\j^ j Jlil\ j 
t4iUall j tjjljJall j #.Ljaillj cellLujjJall j dl^/U^ajVij cllLu j jjfSJV t J t CllLa jlsuall 

• Alullj c4-aJaLall .il j-aJlj 

V j Aull ^fl *L> La LjJ L&ij ^311 ^j*JI ^ j3* «J3 ill ±G (ilUI sjjLw : IjIIj 
^gjjaJI jo^-all #.1 jjj ^-fi-igJ <■! cdujUiVI ^gi AajjaJI 4jtlSI jj. >>-^ (jc. 

<Laa^)J (jW,"n La ^jjLLall o^A (j-aj .L^.jLi.j <£LuJI (Jiblj <ojli-a ( " )1 ^ 7. £»a 
La L^i-aj idujliVI ASojI ^gic. Ali.ljjj ^JJ l)^-" <_yJ c ' P^Lajl ^gjjxll (_g jqa 
(_g jOai <\\l ^gic ^C-LoU La-a t4aAl*JI 4j^aLi-Jj t<LalgJI i_u£JI AAi.jJJ ^*JJ 



9 



^jjxJI l$Jj\\ JJJJJ 4a?J*^ ^*1]| t^j LSJ*^\ <— lliill j-a Aa^jjIL ^-akll 

4aiL jll <jujLuJI>> LpJ-la. ls j1I lIiLuSjII ja (_JS ^gi (_u£ Aj^lj ^gjc AlaiLoJI J aJ uS 
lillj ^gi Ujja-a Ludlc Lci.j-a (JjVI jj^J < " j 1 . 1*1^1 t — 1 j£^J • «4jV l iMI J ^jl*^ 
t jj <\\ <Lalo (jjl Laic- Llj£ lLJLMIj (LauaLa. LAj£ ^LMI jj^jj C<Uj&i]| 

diLuaiJI <_u£ AlaiLai J uSj 'Aalc- j . jj£I jl ^.Ij t^ 3 *^ 
(j^u^xi. La£ cLa^-jia Llj£ (jjJ^j <C j-a^-a La ^^ic <La-i&Lall j AjaJijl j^LoiVI 

j>aj rt^ 4-LaLuJI oife ^gi a-LaHa-^il AjjSjII j "UaIxJI dlLadLj^a^al] JjAia ^Ljaj I ■ ltj£ 

.^iixk-a-ail 

lilij ^gi L_u£JI Clllg-al j^s (jj^J jl l$-La JJjU-a JjSj L_ld£3l (.\j£xi\ t_£ J^- S&j 

V jl j c2000 .Ixj j-ii-a J§ 4j|j cUaIIc Mij (jaal^-^J tAjjSill 

Igic A^JJJ (_gjll mill (JjSj (jl j J-^-a 4j3 ( . Ual -^j ( " n^. J (j^aLwaiikVI (jj> ^» 
jl IjJaJj t(_£ ji.1 4*1 jc 4-a^.jia lib nj\ j <_llj£ll IgJ i— all ^^ill AxllL AjjjfLa 
j\£1jVI j 4jj£jJI (Jaj J j^?- (^i 1 j'qj ; LiaC- j <_jIj£1I ^ jjJa j^s jj^J 

.^gjjxll ^jst-all (_J jia-all o-iLj j-a <Lpl > aji£Vt AoAlill 4jUr. ^gi ^aLujJj 

' i f&n j^a jj 1 1 a I ajjxjul 4_uijjllj ^jlxll jjjxll j 1C- <Gj.Xa /'il 

jaJI (jjiaa] Wjlij (_gull Jj^aJI ^glc 4-a^.joll 4jjjaJI "Caiaiall j£jIiI jl Jjl j 
jj-a^jlai] L^jLtIjI jjoia. (^jicj 4^lji.VI j jJjaJlllj 4jt^.lj-a]lj 4-a^.jjll ^gi AalUI 
Jajjl ^gjll Ac jA^-al] 4ja1*]I 4 la \\\ j£ojI La£ t jLaoVI Acjjoj ^^-Ic-J ' jjj^x^aaJLall 
jjjsJI OlC lilLall 4jj^a ^gi ^jXaj lilliS j 4-aJiiaJI ^ U jL>jj i_sl j^VI L^J 

.^gjjstll (_J jla^all ^1 Jhc- lilLJI oj^Lu Ojiij jjajljJ jjill 4j')'qMI j ^ ji«ii 

^fc 1431/3/20 uibjJI 

4 jiVi\t j ^jlxl^ jjjstSl till^l AjjXa qjjjjj 
Jjj^J) ^jAIjjI jj ilQ <l .J 
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(jjuuil ^jJI j 3 la j AiUJIj aJj£1I (conservation) JaUajl jjjl j3 Jlaj 

4 i ii Vig II (jd*u»l i_iIj£JI li& (j-a (jJajiJIj .AjjjsJI A i n.Vig II 1 g '1 <u >i (j^a j c4 m Vigil 
A-3.\;g <\'i ajj-i (J-^> L>* 1~1«^ «VI (jjjljS ; -»jlir"il ik,^ JJSjJ Ajjlj^ll 

.AjjoaJI 4 i a Vigil t_l^Ual CllU^aU^ali.^/ 1 sJOstLa 
(jjjl jii (jjiWi ^j-lc- 4 1 ii Vg II ^tAlla jjjS ^ ^^LiaII ^al*J CLiljjJ ^»jaj 

^rl^la j* ji\ ajj-lll ^ a-ilc 4iUall j 41&1I JilbJil ^ .JiUaJiVI 
4 i a Vigil ^Ig-i-a (j-a ^jVI ajj-ill ^ Ullc- ^jJI Jaliajl ^^iaajj .4jjLuu£JI 
IjLojcIj .4jjUj^£J| 4 i ii, Vigil ^gjj 4,J i nl i J <La .liLa 4 'i^» i oil Jaliajl (J^J • AjSjuISjaII 
tA-lui Vigil £L&liall ^<\7. ik. jj ^^ill 4jjA j^JI Clili£>l*JI j ^aAliall (jjiii ^gic. 
Ajjj^JI ^kill l^lnkj ^ j c JiU^jVI jjjl j3 ^ ^LuA^I <-Jj£ll IjlA 

.^g^oxaJI JJ^JI (j^ Vig <\ll 4 ng'i Ajxj AjjJjII j 
I^gic Ajjj^JI Aj^-li^JI (_L>Ua .iC-LoU r'n^j 4,j<ij1ti1I <_itj£]| Ii* t_sl.}Al > - 1 a!aj Jal 

.1 g l-\ j (JjUjoaII AC-Lil^s ^ dlljl^-a jjjiaj .1 
.4iUall j Ala nillj ^i. jll j <li£JI Jili^jl dj^/jU-a ^ij £jJa j .2 
A^kJUilj c^niall J AjjJ^JI |» jlxll ^ JjLows <J^J Jali^jVI CllV-iU-a ^»l laj i nl .3 

. J i to < p W j A \ ^ \ \ - lajl l 

^jll ^jIjSj cAjjj^JI 4 > ii Vig II Ajjajll (_^jallj CliL Will ^1 jjl ( . il kjlIuiI .4 

.4_ukllj 4jjoaJ ^ jkll ^-%ll 

Ajjliill ajx^UJI <LaJI (j* ^lall jl J jVI Ji^»qll t_j!>Ua (_j!j£1I Ioa jj 

CliVl 7. <ill jl ^UaLII 4 hi Vigil jl Ajjo^JI 4 in Vigil Aj 1 in 1 u\j ^ A-al^iJLaiV 

^^juaLaJI ^ jIioiaII j^a AijXAJ Lala ( . ill l-ill (jj^J jLj ^ 1 ^>'lj Ijll .AL^all Clll j 
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.Ajljl AjjjjoiLa. dlljl^-a 
A in, Vigil L-llUa aLa. (j-a J^f 1 L - <_s^ JaUajVI [£.iLba ^^Jc. O^laJjaJI ^)i«J 

(JjJalaSHj »1 jrtj^ll (J^- 4 ) ("^J> ^Ijjll J j» _al*JI ^ <Lal*JI clll jj-JI qa ^Jljjjjl 

ajjj^JI jI jA\ Jla) (^Jc-Vl c5 ^ 4 >^,^Vm1I cjI jj^I ( J^ISjII j 

cAjjjaJI 4 >n Vigil Aaj^aLixiall ili^l 7> <ill j-a IjJJ^ (jj '(^LfcJ 3 *^ i"il mljall j 
j| jaIIj AjjoaJI 4jjIooj£]| 4 m.Vigllj jJaJI iiLjl^Lajl j AjjjaJI dll uAjall Ig-la j 

jl AjolljO] LolLol! IAjLuC-L JaUaiVI jl Ajjl J^l\ dlV-^Lt^ j».^1nlj cA-ijjaJI 

* ( ..... * 

Ullc. ^i.jll JaUajl t!Ala .<L^a Clllj (_£ja.l dj^-iLua ^IjiJijJ 

^>hVi J '<A£, |»L«ja!>U jj^JJ <LaJ lJC61\ Ii* ^ j .Jaill j (JjaaJI ^IjiKjaII 

^_fi _JJJJJ^ ^ jjliS 4i jlLa jaj| j2 (jlaLiiV -laUauVlj _oa1I CllV^U-a 

t 4£jaJL a^UJI (Newton) jjjjj jjjl jSj c^nljall j jlilll (Krichhoff) 
t^Luu (j-aUJI Joa Ja*1I jUal jj .Ujj&j (Brenolli) ^jjjj a1:U*j 

^aAlLall jjjJ AiDLcI] C^J^ 3 ^-^J-aj *-Lu <j-a L_L/Uall (j^-aJ cJaliaJ^/l j Ajjl jaII 
• #.Ljjja]|j sljij^ll CjIjjJ A i ii Vig 11 Cliljj^ ^ji s^j^.ja]| 4jjoiUjjVI 

(JjLouJI Aa..Xaj] a^aJluball ^Ltj]! (jj-axllj t(JjLobaII (_)a. Aja^-La j tAj. a Vig II £_£.iLudl j 
. aJjlall j ^I^JjVI Qiij] i n <ill Cllljj^] <LaJ^iLa Aj > nl > J s^La I ■ itlSJI I^A ijxao J 
^jiu j .4 j. ii Vig \\ (JjLawJI (J^l ^1 jJoj i_jIjSJI ^agj tJaliaaVI ^jJ] 4iLjaj j 

^gi I it, i I j-al lalaai <i ^gJ] ^jLoball (_^aj 4-a^jJ <_-L>Ua]l jx& J^j 4^ji. j qa 

AjjjaJI aJajll 4-aJ^>La]l •^i.AAjll jA (jiij-aiall (Jjj Vig <\ll j±Al La (jjj .4jIaJI 
(_>>!■ Vlg <ill (J aaj La ^gi Lai .LuiaLj L^L^aj (_£>Lk (j-a aJailt lilli )ij>nl*i j toJto^aJI 
t> jjSl aJLwJI Jaa ^LsjAVI jl£ till .ASLi A-a$-a Ji^J (j^ U^i c^JdXaJI 
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Ig-Ls. iSJ^- (J^l AlLaVI (j-a JJJ^I -i-ixll (j-a lilli ^jJajjj .Ig.mSi aJLoiaIL ^LuAVI 

. Jjj^aiilL 

jfLaJj .A jqj'q^. 4j*^J <— 'LiLlJ ^ laJluilj AlLaVI tdij (j<a JJJ^ (J^- ^ 
^J-l&j j Joj^aalllj ^jULaJ (JJSJu L_L>Llall AjLSaJt AjjL jjall lIiLLuJI ^\ laJL ut 
Ajjj^JI j AjjL jjall j/n^Ull (ja j tAjt-uball <_K*iJ AjDlstll j-a Ajit"i Lai ^a^jjjj 

1 g j <\ i >i (j-aj tAjjj^JI 4 i n.Vig II ^-Sola (_Uil£ ^gic. Aj ^la^all AlLaVI J <i"l ui") j .tdlj£ 
.CjLuAjiallj AjjjaJI Ajliill j AjauauVI Ajuj-IjA j AjjjaJI »lj<ij^ll j AjjjaJI i_ajUa jll 
4 > a Vigil ill J^-JJ Ajlaj ^^ic. ojL £ Jj^all lajl > aJ (JjLoiaII ^ ^jlill I^A j-a L^a3 .13 j 

.t_j^Uall jj«Vi ^Jl 4iUja] cAjjj^JI 
> >tl ja! <-_L^aj AiLiaj i^g-aSJI ^ > a Vigil £tg_ill (JJiJoil (JjVI (J> taflll (jAjJaJJ 

^gjAI AjjL jjill dil jjiiall ClbaiS ^33 cAili-Lall IgJ J^-JJ ^Jj^-^ ^ ui^ifrll djLl&j j 
' " l^aa ill £_bJal _a-aj 

^gi oJj^.j-all tdill <gjLLa 4 jui Vigil jjl i u <\ll (JsJ sjjjjj-u jl Aaa-g-i* ClutiSj . L3-1S 
^jj^ajjj .t_llj£ll Aaat^-Lall lillj l*l<OVi»nl .13 j .(_£^kYI 4 m Vigil ( ■ u£ i"llg,<il 

La jl Aja*g_lall oJlA ^I.VViuiL Aaljiall ; -»g"il la I j jjLuia q^**-} <_L^J <— l^LLII ^jL jL 

.LhjLIj 

AjjU-a t 9 > <Vl j .JaliauVI (jjjl jfll ^gjoLaiYI cJ-a*ll jUaj ^giLMI (JjlosII j m > aijjj 
^_jjJa j-a ^aJaill ^ A-Ut > n jlill jj-sal J^JI ^Sl JJj lil^Lgloil j Jjl jjj A^^i. 4j jl 
.^kjllj A i-s uill j 4iUallj 4jj£ll L^ijjlj-a (j^-aJ (j^aljiJI tillj (j-aj .^»LuAVI 

^gJc 1 ^ijflaJ (j^-ajj 4jjljAll 4j^l*»a Aj^aLi. AJLi. ( _ s ^3 4-IaliajVI <lj\jt-a Lalj 

•LaJ^iLa Jaliajl jl Aj jl j-a aJjIxaj aJLowi (_Lv #.I^jjI jpxjj .A nx n Ajlx. > j jj (j^al ^i. 
(jjill (j^lj t ^^iLa (jj^LbajfiJI (jjui.Vig <ill^ (jun Vig <i\l ^1 jj| jnt jl Ai jlLa sjjjjjuj 
AlalfLa (j-a (j^-aJ IjlA <_Lixlt jLlaj ^»l laJluil (jl JJC. .^!il!La c.Ljg^JI ^ ni.Vig a) ^Ajjxl 

jjjli j aJj^JI diL jl ja jjji (j<s^ AjjosJI a laVigll A^Lia jjxL Auljl ^jALia 
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j . .laj^a ^jg ha (JAjJa ((jSj^ljjl (jjjljj ^jj^i Al-lLuaj <_]jVI tiwlipj-a jiill 
Jjalj (jilalaJI JaliajVI jl AjjljAll ^^al-lLua ojj£!LaII aJjxll (j^s A^aS 

Jail 

Jaliajl (jAiJaJja 46 — 3 Jjj^ailL Jialall L_lljall jpi j£^all $. jail Lai 
aILoiaj Ig-la (Jj^sS <J^ jj(s"i"nj .AoJall AjjoaJI ; -»)Vill ^ |»ajllj 4 la uill j AsUallj 
A mVigll ^lai <alllj diaall CliL^j (j<a Llla L-iaj (J^^y jjjjaiLd ^ jJ-<a jl 
^jll j 4 L^ u! j2l V S jaSII Alia^l (jlc i_£l)all ^-^Ual cdlij cAjjaaJI 

Axal^a 4-aJ C(_L^a3 (Ja >i j i_Lucll (j-a -^jj- 4 ^ (j* 4 a-^ls 4»oj (jj-^ (j^ U-^*d 

Ajj» .-i^. Ac-Lli^a £-a cJaliajVlj Ajjlj-all (jjjljiil AjU£ oAc\j cAunlmVI ^aaAlLal] 
e^A (jj (Jj-aS ^_y& £ ja. (J<*>» J3j . ^»LuAVI ^_Oiiaj-a 4 _u ,-il \\ 

^Jj JaUaj^lj Ajjlj-all dlV-ila-a Jl jpalj Ajjoall Ajai-ligJI JjLoui Ja ^ ^aAlLall 
eOA (j-a .ALL* CjI jjJ l_l>LUI (_j jaj AjuAjJ CjVjUa 

Aajl ^^ic. f. jjJall ^^llj Luli cAjIIj Lajli ^ 3J > 11 a !>L^aS (jjaJ (jl (jfLoJ (J J"~»^l 

.AxjjVI (j-al jaJI Jaliajl (jjjljS (jjj AjLiull 
cAjj-a-llI a jj.iJI j 4t_llkll • imS & Alia. djLailjJ £jLuill <_L^aall (j-ajJaJJj 

CjUjJ «4K C^ala (U^.nr.j jLu^J jM ^Vlj jLu jllj 

ASUall j AiaaSU Aj^jUJI JiliaiVlj Ajjl _jJI CL^Ajui djlLJaj jjj La Jajjl] 
LpV -kill lilJj AjujI IOaC. Ljja.1 j .AajJall AjjaaJI ^hill ^ ^a. jll j Ajauill j 
(j-a JJJ^ lilliA .AajuiiVlj LC)laJ! ^jlui-a (j<a ^ AjjLjjS jAl _a]a ^^ic ^jJalj 

a^A J laj 1 11I (j^-aJj tL^aS i\l c_L>UaU (j^-aJ Aa jjia dill jLa ^^all (JjLoiaII 

1 * s. e " 1 e e 

AxjujIj (JjLoiaII Ja p\r'\\ L-uLuil jl clcjjjoui jl tA-a-allo jl AjjujLjJ a^La IajLucL 

.jLWI 

pft ittjlau ^ j L_L>UaJ! ^1»J a jjj^ Ajj^a Aiajiall a^J I ■ <l")^\l jSjj 



14 



(jfLu t4j|ju Lajla 6 — 3 J j. aall (j-a uj% lA-M cs-^j 'j^"J •^ , ^? > ^ 

^ 't'C-JJ (Jjj^aII <jl lilli t a\ > ?ij j^Jb ^»LuaVI 

(JjLuwJI ^l^luil laJ > aJ cbK (JjLuball LS lc ^jL ; -»jU"i jUaj (j^s ^jW*lll 

Lai •<_>*jlj 4jt»aL> ^ ^Uvjj ^jLoJI (Jj^aall A^.jjl*A\ (JjIjoiaII ^^ic "bulii ^aalau 

• 4jtL<uJI (JjIjoiaII IjJJ^ ^J^J tAjjoiLuijl JaliajVI 

3jjuijjlill ajj^JI ciiUiUj ^ ^jSfl AjjjUkil 4 < ii ^ig II (jjuj) c_ib£3l oj£a dul 
U1U. 6^j^.ja]| (Jacquelyn Shanks) (jAjLi jjl£b> .J o^jlj 4jc*L> ^ 

cJali^jVI ti- 2 ^ £-* *SL&}^ J*' £^J J L>* L£>Uajl j . IjjI 4jV j 4jc^sb> 

(Charles Glover) j^jic. jljLiu .j <uij| (jjill ^iil <jiij jj» n * cJjSII Ija ball 
(John Fleming) jja- .^j (Kevin Lunsford) JjjLoujl jjiiS .^j 

Conservation Principles and the ) A-uj-ii^l AoLj ialiaj^l ^jUa <_jU£ ^jJb* 
jaj ^gJc. LiaJ LuIj£ bij j jSj .(JjjLo^j <*^U. (Structure of Engineering 
^jjj ujj^? •• 3 ^ lS-^ (Transport Phenomena) 
cjjiLV jjj-ij .-^j (Warren Stewart) di jIjjIuj jjlj .^j (Byron Bird) 
^jll 4^1 jlalj^ll (^ajo! tj 4^l c_jb£ll <ilb ^ .(Edwin Lightfoot) 

4a^Li .(JjjOaII 4j jk-all JjU^all Job AjJjaJI ^ujAI^I O** - ^ 4-lb^ll I^A 

^al»jil Clil jjAj (j^aliJI l^-abjj <_£}Li. (j^s 44ax jill ^»jlxJI 4jjA Clula t(_j^kl 

NSF grant #DUE- ^ j a^uII) U> lM I^a c^bJI 

sJj^. AalLa <ajx 4 ■ u ll^ 11 (jjl^>J ^"J-^ 4 ' " ' " ^3 J . ^023 1313 

^gic. LuOC-Luij LlJ^iLiaj b^^Laj L^-a-iS ^jjll SJJJ^II LllLal^joi^U ,jjjl«-a Luj 
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^jua qa (Joseph LeDoux) <_ajjj^. . j qa J£ ^ Ssk ti—itiSJI liA jj> aao 
tjjkiilj 4jV j 4jt*L> ^ (Anita Vasavada) taliUi \lA .Jj t^jlall] U^jj^. 
l^a. aOiia (jjjJj — j jfoL^j AjuoU. ^ (Bruce Wheeler) jLj c^JJi -Aj 

dijl .jj (Jerry Collins) lSJ^?- •- 3 <-J*s j '^Jj^ '-a^Ua j 

JjI^JI jjxII LjaJ ^^Jj .CaLij^jla 4jt*L> qa (Art Overholser) jjljAj^jt 

^jjj ^sjIjj t (Michelle Brock) ^jjj JUi^ J '(Beth Boulden) j-^jj 
(Stephanie J jli gJbblujj t(Min-Jye Chen) (>5j ^ - j>» j t (David Chee) 
(Stephen j^jLfc C&^j '(Emily Glassinger) jiio^lc. (^i^jj cFarrell) 
(Heidi ^jj^ j* lS^^-A j '(Elizabeth Hedberg) p jj^a tlul jjj j 4 Harder) 
Amanda ) c£ j jl lojUlj c(Christopher Loa) Ijl jijloujSj cHoltorf) 
gJjj t (Matthew Murphy) jja jjjUj 4 (Sheila Moore) jj- !lu5 j <(Lowery 
(Adrian 4_ai j^J-^J '(Thomas Rooney) ^HJJ o^J^J '(Billy Poon) <jjj 
(Justin jj-iU jiLojja. j t(Aditya Venkataraman) jUI jtjl£ja Lip) j iShieh) 

. ik-aS (jjJ (j-a ^Aj^i 1 jjjaij (jj^^'j tYang) 

tiJjLaj c(Skip Mercier) ' . > " j '(Jeremy Blum) *L : ch^J 

^jjiaj Ljja.j t(Lakeshia Taite) CjjIj Lui&Vj t(Mark Sweigart) dj jUb^ 
^j«-a ^ (Wendy Newstetter) J&jjx> lS-^j -(Johnna Temenoff) 

<x-aLi. i_x>Ua jjj-3 jJsj j .<J1£ (jjj (j-ajll jjjai (j^lj Aj«-al^- ^j-a (Elaine Lee) 

(jjill (jjjrtl ui") A*-ala>j (jln'b'iil j AjVj 4juaL^.j Lti.jj^. ^ ■> <ij 
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4ilSlal (jc . 'M l (Larry Mclntire) jiiij c£lLa lSjV 

(Ann Saterbak) c^LjjLjj jl jfLioj .(Suzie Eskin) C)^4 lSJJ^ - j "^-jj^ 
l^a. 6jjj£]I tlA&UI J ^L. IgJ <u&J (David Ward) -ijjj -iijta .J l^a. jj 
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AliJ (intensive) ^1 ji. j (extensive) a^ o^l jiJI jjj jy^ill • 

kUaJVI j (accounting) Ajjl jxll cflAiut <_ji AxjLill AjjLjjall CjIjjxIJI • 
aJj£3I j i^JjjaJI (jjjll j CjV jJI j aI&II i-slifj i_a i^U. jjj .(conservation) 

A^illj ^jllj JiJJIj sj t 2LkU AiLkllj a_i£ jaJI aSUJIj aUIII Ailkllj 

I— boil-La J^aj tlAjLaJ ^JjSj • 

(jjjjj^JI (j j i a iLj ail Ig-g-sJ j-j ^^jll AjjjjAi^JI (JjLjiaSI AjjLLo (jjia. jjjJaij s-^JI • 



aj£ ^ j c(Mars Climate Orbiter) £j>»fl >«S ajcIi^I 4_£jJI ajSj^Vi 

^^i ^JjaII ^LLa Aj-aj Aj£j-a JjJjS dlLajlx-all Jii ^Ljjl JJJ-a JJ£ JJ^J £j"i ' ■ l±mJ 

jjljj AjSjaII (J*aJ Ajjjjj-a t— ll ma 4jLaC cUjjjiJlS ^ A a% all ojLi3 (J^^J J_>^ 

(jl (jja. ^ AajUaJ^>JI Cjlia. jll (jjlljjll J air"), nl C^LJj-oll Jja. jliall ^ ^Ajji jaj ^^Jt 

90) ^ 140 — L> Sjjli.ll o- Vajj icdJil A^njj . [1] ajjUI CjIj^j]! J^i^l >VI tijjill 
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4^(3Ll- 35) 57 jaj IS £^jl J'^ £tJj^ill gJajm jj-a Aj£j^i1I dujjiil iAjaiai-all (3-La 

.») iXill jaj l^lVjjl J) jl ^JJ-«J' ja. J Ig^alaaJ Jl La] La li&j 

(jl (jS-aJ qa pLkaij AjjjLall jjLuiaJI (jl jA IjjJ jA La (jl Y) tA-a$_all ojlA (jjlii-V 

(jl (j^-aj Jill AjjJujII ^IjjVI Liluu A jjall j AjjjaJ Ajoi-li^JI Jaa. J lillj (j- jj£I (jj£i 
Jjjaj i -llmJ La s.1 j.3 J Aj ^j-ajoi-all Ajbttlall (JLa-a L-lLuia. J (_£ jj^. (j" li^ a Uni.1 I jl .J}A jj 
oi& ALaLuia. ^aLal j .Ajli j Jl (_JJjJ (j^aJj-ail A 1 1 al j « jjc. <C.j^. ' ° ■ aJ .33 ' ■ Lulall (jls tdjlii. jll 

.iajUll ajLuJI Ljlukj eiUj ajjoiLuVI ^jaU-11 ^Jju aa*aI jl (j-a aJUJI 

J Jb£Laba3l lilLttC. J i j KlVll (_£jjjj^3 J jVl (Jk-aill J AjJa jjx-all 'i-iLall JjjLaxll ^gill (jl 
j-^ a ^ ■ aJ Jill dllijjxjllj (_£jlliall Jl AjlLa^J ojiaj (Jj-nill liA (Ji-Jj .Ajjj^JI A i a II 
oiA AjxAI (j^3jT J un'uii 1 3 . 5 . 1 ^laLall <Jj ^jjj^ M ** ' " ^ 'C B J (JjLji— II (J^J (_piLuiVI 

.Ajxil jll oLrsJI dillulaj J AjAi^-a!ill 

JbuSflj jilj Aajbj^l a\ jjilfti! 2.1 

Jjla. jlajY LjAja. Ij^il I j <u3 Aj-I^jj AjjLijjill Cjljjili«all (_>uLj3 Jt Sj^LaJI __}JJ*J 

JiaJ AojoiJli^JI C-lU maj J IgijL-aj Jill jl.3c.YI -k. « (jj AjiU.ll j AjjjaJI Jaill J JjLa-aJI 

IfrjL aa (j^aJ dlljjxia jl (_j^al ja. jl jjjlLa jl C(JjiLj!1] Aijiall AjjLjjjill dljjij-a]l CjVLk-a 

'(maSS) aJj£1I AjjLjjjjll OljjilaJI Afi J (j-aj Ljjlc 1 g ajjaiiL jl (_Jji.l Clljjij-aj Lj <j. aJ 

s . _ r * 

Aj^L.i A aj3 jl J^xj o^lc Aj^lLall AjjLjjjj]! till jjxaxJI (_^aj j .A£.^yA) j sjl^^JI A^.jJ j (JjU.ll j 

.(!illa AiaJI J ^ mL/min ) (315- 6) 

UbJj .(jjjlall jl L_ajxll jl (jlijVLi Aijjaj (JJ*— J^*-^ LiLoi ^^a^a jl^La oA^jllj 

t 

cjliall Jju.i Jc. .A iinl Lall CllAi. j]l ^-a 3j..^t»ll dlULuiaJI J ALutlm-31 Jll^C-VI J=*J O' 
A-aJ^C CllLa jJala 5 (_£jLuy ^ILJI (jLuij!>U Ajj^i^ll ojj^ll J J^l j>-^l (3^^" J^*' 1 "^ JlVl 

"5 L/min ^1UI (jL-iil ajj^JI s jjJ J Jill ^oll (jaii J^«-a ^jLaj" ^Ltull U j ijJI 

#j iJLill (j *H fjA Ajj-a^ll e>jjA\ JJC (jSJjj ^ill ^Jlll J^La Lva£ 1 ^J3 

^^i-Jjj .dlAa.j (jjj Cjljj*j-aJI AjIj£ Lille. (jjjJiij-aJI (jjJJ ^ all Ljj£jjj Jill f I iaa.Vl (j-a 
Jc. I ^ii l "!^ Jl (j_aa.Liaj V j=^jlj 'ffr^JJJ J Cjljl^.jll Ajxjlla (j jTjK'u . ij ^jl UL^I uj^Lkll 
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.jj.,, Vi» /ill Lolj .^jj^il ^Lia Aj-lLa. dlL aa Jill iilij (Jjj3 ij-o t4 aja j i ■ |SI j& Jl 

.g'l j| , aa J Cjl.la. jll (jjla^-i La IjJllia (jj^j"'^ all 

a ■ aJj j . 1 » jl .* j J j J jjlijl J - aa AjjIj jj3 till JJXAa AjtluJ (JjAjsII qajJi 1 . 1 (Jj la II jjjjj 
Sill j jl^La j Sjl jaJI 4\a.j.l j JLjj$£]I jliill j (j-a^ J ^JjSJI j (Jjiall Cjl jjilail o^A 



.^u,Lu,S» AjiLjjill JJfcUll :1.1 JjJaJI 





SI ,J jJll (.UiUI JLu.LAl 5 j» jll 






(yd) '(in) '(ft) fJS '(cm) 


(m) >> 


L 




(ton) oJ= '( lb m ) ^jW '(g) (.Ijt 


(kg) 


M 




(hr) ^-1^ '(min) 


(S) ^ 


t 


(>jii 


( Bi ) Cjjjj '( a bA= 10 A) _sf U 


(A) 


I 


Jbj«£]l jLnil 


( ° F ) i^Wj '( ° C ) *V j- 3 


(K)6ilS 


T 




( lb-mol ) lSjjh^ - Lij* 


(g-mol) cs^'j^ - Jj* 


N 






(cd ) 


J 





I frjE at (j-aj i(_5ja.Vl AjjLijjall CLlljj*j-a]l (j-a JJJ^ sjlfc AojojJljgJI dlUI maJI J (Ja»* mjj 
J j .iilij A J i nl i aV I 4 t li nil jjjlLall jjx i_Jj£jj CA jjillall ojlA dllia.j £a.jjj .AiUall j o j£ll 

jl^LaJ j» ■ aj jl 1 JJ^J J^jj^' Ji*^- 4 ^ "Laic oAa. j JJU ^ljaj^a^alb i ■ caflj < i . ltj£j| lift 

IjlA J Ljj^L aJ i a Jill jUjVl dli jj-llLall (I) (jalal! j a ■ aljj .Ajjj^j (j^aljtV (JJ*-a 

.1.1 J jiaJI J sliax-a JlLxjVl jj-aj Lai J .L_lt&j| 



j .sia. jj JJxj tAc Aj^lLaJI AjjLijjall Cllljjij-a]l JlaJ c 1 .2 ^JaLall J al j uiSlj La] Isi j 

(Systeme International J jil ol^jJI ^Uij LaA jJUJI J Itj^l dl^. jJI ^ 
Jt .^JykjVI J jLkjjJI (.Uiillj 'cs>aJI fUkil! ^1 cd'Unites) (SI) 

(I) (jjalalt (j a ■ aJJj .AjjjaJI 4_uiij^JI J (JLaalluiVI AxjLI AjjLjjjj]! Cllljjij-a]l (j^i IjJJ^ 

.(_ltj£3l liA J AiaxlobaJI LjjlJ S^jUJI jj-ajll J AjjLjj^l CjljJxla]! 
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j"-^ a Jl JLijjS jjxaaj 4jjjLall Igj (J_j^J Jill 4_iLu«JI Clll.l^_all (J,'j ^ aaj 

Cllli^j]! I i (l—l) S ail (J * ■ aJJj . (Jj_aaJi]l (J-oljC (JLaxiuAj Clll-la. _all (j^i (_g^kl 

jLuu 1 in (jl (Jjjs 0-° 'cJo 3 ^ J^il_jc j •-■»;; !Mx3 ajIj^ J^ -^jijLuJI 
La Jl La aJV^j Ait jj** jl^-a -1 kg 2.2 lb m (jl j 4 2.54 cm 

Saj^=JI oJa.jll (_5jLuu Jjj^l cj-k"*-^ mj^I 'lSj^-I aJV^j ajsLIj 

' 4j_ajo£ll J jl^C-Vl Clllic.1 i i—iis. jljC. Jc j .(A <uVlll o^._jll Jc- <LajiaI« 

(154 lb m ) jLkijJI ^UiilLj eLlaa-a ^Jllc (Ja.j Jjj^J (jfLaJ 4(Jlia]l Jjjxu Jc. .Cll-la. jll 

: jL La] Uaj (SI) JjJI f UiiH J L^ La Jl 

lkg 



154 lb 



= 70 kg 



(1-3.1) 



(jl I ^ ila t4 j.Xti ^ILa (j* (J£ J lb m 0^>jJ oA^JI J_a?.j J) l_)Iaj 

(J-alaJ JLljjill jjilall ' -1 J ■ jaJ liiili 4lgJj£j ^1 Ijjj .1.1a. 4_a£_a (Jj_aaj]l (Jxlc CjlAa. j <L)Li£ 

.^JaLi. jaj Jc 

(Jjiui Jc . till j]l j»Uaj (juij (jAjJa (JjjaJlII * I _>a-V lL'J^"'^ (J - ! J 2- J) Ljaj "La.La. 4_aJ 

Upal£j La 22001b m(: 5jL^ Jll SjLUI SJS Jj*j 'jLkjjJI r Uisll 

: jLj La (jjSj (jLilaVLl 

' 1tnn ^ 

(2-3.1) 



22001b. 



2000 lb 



= l.lton 



m J 



430 (_JjLjjj ^JL aa Ju Jii <Jjia JjjaJ 1 jj£ aJ i(,_£jia]|) J jjl ^Uajll (j<i.>ij 

430mm — =0.43 m (3-3.1) 



1000 m 



»l iajll (-3 Clll-laJI *l_}a.lj CllUcl i Jl ojLSU jj-ajlj ( — S^^YI (j-a aIuAjui (Jat'in'ij 

jl ' Jj-ii Jl jjAj 4jlaJI J 4"m" i_jjaJI (jiuij (_^i3l "m" i_jj^Jla 4(2.1 Jj ^ il j ^jIaII 

(Jjj^jI jpSI jl (Jj^aaJj J-alt (j^i A 1 ml in Jl 4 ^1 ■«■ A-aJ (j_a^J La LJltj .oA^ _all lillj (j^i 10 
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CjIa^j (Jjjaj 1.1 JllaJI 

.mg-cm/s^ ^> J! 50 lb m ■ ft /min 2 Sjffl jV -.aSi^a 
i_ilbj jll jUI Jj i^L 1000 t> jll ? \ jill J ^ c2.1 Jj^?JI t> :JaJ! 

(j-slall ^ <_£ji.l (Jjj^j (JaljE. •^JJ 100 j-« 



= 1.92 x 10 5 * 



mn 



v 60s y 



453.6 g 



V 



V my 



lOOOrrg 



V, 



0.3048 m 
lft~ 



V 



100 cm 



.(|ji»ll ^Uaill Jjjaall J*l Jfr :2.1 JjJaJI 





f-ltl 




T 


tera 1 Ji 


10 12 


G 


giga 


10" 


M 


mega Ux« 


10 6 


k 


kilo jLS 


10 3 


h 


hecto jjSa 


10 2 


da 


deca 1%} 


10 1 


d 


deci 


10 1 


c 


centi C5 ii~. 


io- 2 


m 


milli Jj- 


1(T 3 


H 


micro jjS^ 


10~ 6 


n 


nano jili 


io- 9 


P 


pico jSjj 


io- 12 


f 


femto j!«j3 


io- 15 



.*kuL£ Li^j :3.1 JjjaJI 





Li^l 


lpPa J JliOjjlu 1 
10Pa + j JSJu 10 
85 Pa + J JSJu 85 


c*3 jj gja-Jall (jt ^a.Ull jiVl aJJ=i ^ylc- ^L^VI ki^all 
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1 kPa J , K.„t < 1 
1 l\ i Li * ua i 






» uLL •j.U', c-lij 1 0 c-lij J Jo ,V| , ^ .-J , ull 


101 ^ VPn J ,KJ la l< 101 ^ 




HOkPa J JKOjjLS 110 


^cJajbii .lie ^^-JajVI (_£_^aJt JaxjJall 


320 kPa J J^bjLS 320 




350 kPa j J^Ujlj£350 




2MPa j Jli-Uiu 2 




100 MPa j Jll-UU^ 100 









:"4juUi kiuja Vawter R 3 miiiu diULuil * 
www.ac.wwu.edu/~vawter/PhysicsNet/Topics/pressure/UnitsandValues.html 

.(2005 u 1 J^> /_*"« 24 ^ ^UUJI Cj2 J) 
.(3.3.5.1 ^LuD jksl) ^Uull Joi^l 



3 alia all AjjLjjjill CIiIjjxIaII jjjliaj J_>ua. (jJJ^J (jj (8. l^aLajl _>lajl) V liLI ja. (jlS (jj 

L» J\ JLj^I jLij]I j Jjlall j J^i^l CjVU- 3.1-5.1 JjM J^j .WVI 

IfcjS jjjIIaII (J a ajj l^J ^^lill ^JjjaJI "Loi-lj^JI (JjLui^i ^Ijilj j£a ^-^^ 20 tj' 

jbuSfl J^4.1 

.JjaU^JI jUjV CjV^Lx-xJI Ja. J^iLxjII AjjjIjII AjoijXoII jjaJI 'i-lLa Cialxj 

dlljjl l^jj .JjSxjII oAj^ii C1iVjI*-<ij ^jLaj (J^J lg maj AjjoiLoiVl [^jlxall (j_jiilaj ^ ail j 

Ajxj Ulsuiuil (J^jail 4 J l nl l nl ttjji ■ Jj l^Jjj^j j o^i«-a]l Ajjj^JI 4 i a i'<» II (JjLuia Luj-nil] 
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,A*jLui Jl jJai :4.1 JjJaJI 



4juill Jjijjl 

J^^ u 1 00 ^ ^iU (jjj j£ jLa 

_>"JJ%*7.8 ? jajjS jLa 

0.4 %L~>VI SutLill CjX^JI lJUII J jL 

J" 1.7 J ^>,ll J j I. 

J" 1.8 + lujjli kA±. j jiu DN A LiJ lW= 

J^j^ll .(^V K"-"^ 5 j J- 'j '"'"-r -" s? i2L ° ; j-' 

40 "" J 

J 1 * 1 ^ 1 50 j\ ^jVl ^ <iL^ll 

Guyton AC and Hall JE, Textbook of Medical Physiology. Philadelphia: :<> cjUUJI * 

Saunders, 2000. 

"Deoxyribonucleic Acid (DNA)," :i> »j j^i-* cjLilnl! + 
Discovering Science. Gala Group. 



jjiai j jSj^i 0.01 <LA£la 0 jlj ^ji S jSI j Ajli. (j jLlil 

jJiaijjfLLo 10 L_lLlil <UjJaC ^)JC Ijj dlLa all jLiill 

jjj-oi ^^l" 1 , 4_uc Jijc jUllI 

jjiai 0.1 J L all JJC Ijj CIuaaII jljlM 

jjiai jo 'Sj-^- 'ShWj^ J^- - ^>°^ ls'^ jV^' 

jjiai 20 <^3" 1>» J o^y ls^' jV^' 

jjjxI 100 (^jUjcVI Jjiall jljJ 

j^i 10 ijj^l jLh 

Wood S, :l>" ^ 1 ^^LJI * 
.<http://www.ee.scu.edu./classes/1999spring/elen010/LECTS/20011ec2.pdf> 

.2005 jjUj /^l 7 ^ cjUUJI cj2 J 

5m-3m = 2m (1-4.1) 

'-J up- <^ 

5m-2s = ?? (2-4.1) 
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C(_5^il aj^U (j^i .2-4.1 aJjIx^II ijiij (j^-oj V I^Jj ' (jjjljLoj-o Ajjliillj jilaJI ,-j.ia.j (jl 

(4N)(5m) = 20N.m (3-4.1) 



(4-4.1) 



V V 1 

8 cm s 



Cllljjxia]! jjjj <LalxJI llAiMx]! (JlaJ ^^jll cLajLai s-Uj 4jiia]l lllV jl*-a]l (jj^J (jl ' . '7- j 

(jl 1 ■ la-j £-aaj jl i^jJaJ ^^lill a j la II AxA (jl (_gl oIxjVI ' * 'J^ (j^i 3 ■ "'I T-*"' "LuLsjjill 
SJjla-aJI JJ IMiLo ^)iajl I ■ iaj "UjLala (jjSj (jl ' ■ '7- J ^>JjyVl J (j-a/^l (jj3jJall -ibjlj 4<ELala 

iy'/V [Lr 3 Mt -1 ]) ^1 ^ Jj« (jjj Jajjll (Pennes) jjjj j Jll 

: ALU-all Ltfj (jl^yi JcLu. J (7 [LT'MtT 1 ]) <^Vl J] ^-aa^ll <£jljaJ 



J = —C (T -T ) 

■y p \ a V ) 



(5-4.1) 



c^Ljj^I sjj* ^ r fl [T]j .AjJjaJ 4*^1 ^ C p [L z t" z T _1 ] (jl ^ 

A£kxl\ Jjl= J Cjl.la.jll (jl (j-o Jflaall I <ijj .^JjjjII ^1 ojlja. <a.jJ yjA 7^ [T] j 

.jLuVl ^Uia jjS 111 j t ([L _1 Mt _1 ]) Jj Jji^ 5-4.1 



" M " 




"M ~ 




L 2 " 


Lu 3 _ 




|_L 3 t_ 




t 2 T 



[T] 



(6-4.1) 



jA ^-llalsl! AjuiLluI j cjj^lLall L-lLmaJ ^jj' a li^ all 1 ^LaatAuiJ <Ulx3 AAijla jlxjVl (JjlaJ 
Clll.la.j Aj3 ^- J ■ aj j Jc. 4-alLa j j.XII lajoij (j^i <j£ J j ^ laJ (jll <ljLaiall dll-la. jll ' ala 
(Jjlao (JLaxioil (j^aJ tJLsjjS jl^La Jc. (_£ jlaj <]jla_a .}_aa.jjj .AliiLala <jl g ill J (jj3^)Jall 
(Jjjl£ jl Jj-lajl jUjVI Jj^' JLaxU (jfLaJ c<_Sji.i AjaAj (j-a . JjlaJI c*llj> jlsj JjJaj] ijuVl 
Ajjj^jJall tli| jjxilall ^J-a^. (jl liutaJl J ii.1 (J^JI j ( jL*jV| i lua (j^i A^iaj-a La 



. Ajjoi^JI (JjLoixJI (Ja. (jja. 

.Aa.1 j Jl Aa. (J£ dlAaj (Jjaaj tOYjlst-aJ! oift J j . Jllxjl !Mj <ljlx^i j I iUa.1 (j£^jj 

lAjlaJl j-aj j^aij <]^lx-a dlVjlx^JI si* <llal (j-a 
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In 



r 

V'-o J 



= \Lt (7-4.1) 



ja C 0 [L 3 M] j t / [t] AJiaJll ^ Ajkil concentration ja C [L 3 M] J 

.[-] jLxjI jjj ALU-all <IcU. Llaau l^aau ^JSU ALU-all 

Cllljjillall ojlA (J-^J Jl (Jjpau jUjI Cjli Cjljjiia jjg Sa I jl ja I jjSjjj 

Cjljjiiall .I^lI njlj-all iJjalu . AjjLijjS ojAlla A3.1J <J1«J j ■* hjt a 

l_s jjjl jjc. (jajjll aJU. .Re jjjj jac. ja Jil c*L ^ a ^ UJ jUJ V ^1 AjuLiJI 

Re = ^ (8-4.1) 

tJjLJI AiK ^A p[L _3 M] j tJjLJI <t>- ^A V[Lt '] j cplft jll jla2 jAD[L] ji 
e j3 ^1 AjlUasill sjill A-iuij (jc (jAlljjjj JAc. jj*Jj .(JjLjJI A^.j jl (J,[L 'Mt ] j 

(JjJaJl j a i iaJj .^6 tj' ^* a ^ _>^1) ( r 1 J^'' JJt (JjI^jjjJI (JjS-iJ (j ajl ■ aa ;_)'•"*».' ' ° ' "*J J cAa.j jlll 

.(jluiiVI -lie 2 atla, «ti Ajj^^II Ajc. jVIj (j^alaj (JjjJ jjjj J^c 6.1 

^>L«*-" 5.1 

S u , ,.l .Uii Ja, j jjjiaj] (J aatAuiVl AxjLS AjjLjjjS dlljjilia ^^ic p j. all ^JaLall IjlA 
jJiL La .i_jIj£1I liA AjIj UjJjJaJ <_Sja. j»JAU\a c?Aj cJalaajVI J Ajjl >al' CjVjUa 

CllS^jC. Slj .A-lcUjJu Au^lm ^jjjljLaj o.Ludll ^j-al^kj AjjlajjjjII ^j-al^iJI j t -^^.l j a laim 

■ a.vi» * Ajj^AiA (_g jj dim jUal (j-aj-ia dlijua jj AjjLijjill Clll jjxIaII 
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O^al j 9JJi_JI i_ya\jL :7.1 Jj-laJI 

AjJUulJjll 



(m) yssa 

(n) 
(V) ^ 

( L ) ^ jl jll pijfl 



(x) aJSII Vail 
(M) ^>JI ajJ 

(T) SjjaJI UjJ 
(P) Joi^l 

(V) ^jiB ^1 
(p) AiliSll 

(V ) AcjJ 

( E T ) ^jiii aiikii 
(5) j+ssii 

(#) Ajji. jil 

(7*) jUiJI W> 



4*jIuJI o-^^J ; 6.1 Jj-laJI 







5800-3600 




1500-1200 


Jjuii 


850-110 




-0.0007 




0.003 




570-210 




900-630 





Cooney DO, Biomedical 
Engineering Principles: An 
Introduction to Fluid, Heat, and 
Mass Transport processes. New 
York: Marcel Dekker, 1976. 



QobjLj <Ljlu<jj]1 <j*aljaJI 1.5.1 

(>j .Ijjl jjJiull j fUiill ^li. Jic (extensive properties) 3j»LjjJI (j^aljaJl 
.1^.1 j jc- jL£ 5il A_a jUii« liLJ I il t JlfLall (Jjj. » ^^Jc . ^a.aJ j aJj£31 IgjlU 

(j^i (jioljC. _jl£ ts J& diLoa, cLjjS s-Lall Aj-aS ClicL^ (j\ i[&>j\SLa Aid .^^l Cj-oij *Lall 
AjxjoijjII Ajj^alill (_JjiVl CjLajJI (j-oj .A-Utlu jjll (_>al II J Ajjja. 4-"^ 7.1 J (j a i '— JJ j 
CllYjl*-aJ Ia^C (j^-oJ ^^lill ,J» iaia A-Utlu jjll (j-aljiJI (jl (_£ JJ <— a i^xj La ,j .Ia^C. J 

AjjI ^ uill j cAjjj^ajxll tllV j^ll j jj£llj cAjjl jaVI dll-J j's^ll CllVj^i j (Jj£ j ctllV J-all J 

2 i< i'KiJ j AjjI j 2 iKl l SS I Ul l j t jH j t A-iaL al lj AjILlJIj Aj^j-oII 

Sjl^)^]! A^.jJ l^jlLal j-aj ^ la II jl <Lo jialaJI (jjilLo ^^it XiiaJ oAiill (_j^al ja. Lol 

ijjJa JS ^3 Aj^ljaVI 4-ojJilaJI CiijU AjljJI AjihiBj aJjIII 4 u, i ill j Ailjillj kijJallj 
S-La ^^Jt (_J jl^j A-o jlila jl^Lo i'iac.1 . ^- .7.1 JjAaJI ^ A^.jAa]I lilt (JjjS (j^i lAjJfcj 
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(j-alji. (jl > A*J La J . s-Lall oj^i. "^Lp (j^ ' 25 C (_£jLoij 4jJ_)a. 

SaliaJVl j Ajjl j-a]| d'Vjlx-o J Jl ,«t"u.u)U <La£iLa Clujj] eAiill 

ibfrU^lj 5^11 JJJM 2.5.1 

1 ^"iNf 1 U aj 4 jal. nil jjJllLajl t_ajxj .AjcUtjjj jj-llLa jl 4 j«Ln jj-llLa ^Jk Ajjljjjill Cllljjiiajl 

4 iaflj 4 UinlLj ^Ixj^II L_ijxJj .LpLel=»jlj LpVLk-aJ i_Sjxj3 Aj£ Ixjjall jJ-llLaJI Lai .JaSS 

jillaj JLaxiuAjj i^u^a\ I — _og 4_iH_ucl ^ Jaaj Ij laoj lilli Jx3 jS-a-i j ' * 1 1 al Aic 4_ut_^.^c 

.^L«Ji]l JLLui j oL>jl (jLul jl jUluVI j (_sjj£]I jl (^jLiII) JjI£j.JI ^Uaill JjjS (j-a CjLuI^I 

(illjl Ja«J (_g aSI j-"^ JJ*-^ l3J^ La^jm ^^cLujill jl -iLall (JAaiil ' ■ l\j£3l I1a J (JaiMni'ij 

jjJI ^l*^ JiaJ V '^la) jl^Lall 

^ ■ >i^all AjlxuI t a ■ .<c^lJI j ia ^a]l LoA c4_^aLk <xaALi jl a i i£j 3 AjljJuVI (j-a jlc-^aj 
4 »'*11 ) - ■ A^^j^w oL^jl A£.^uJI AjlaIuI t a, ,£»^^a Jl 4 alll ) La ^(^g-^u £j-ca^a-a AiLoba 

»1 Jaull JLaxioAj ^L«ji JLIxa Ij lao3 j »'^» Ajjlaj oXa J^iLi. 1 g » jaSJ Jill AiLuiallj ^^j-a Jl 
Ac^uill ^Lui c!i\fLa .AjLijS-a CllLtJ^a ^ j-a^-a] ^^jtajjjll J-^?J1 ^ ' Jj^J- 1 ^ 

45 IS>S t*l SjLu,. Ul^j J (ji^j t j jl£jJ fUiii! J (45 z +54 7 )km/hr 

L^iLi SjLiuill (jjiij ' »■ —j (j^y ^jl VI .AtUJI J j»K 45 itj»«j VLajjj iAcUI J 
8.1 Jj ia II j " 1 j .<c-LuJI J j»K 63.6 1^5 jLuii ajjIj ac^jls JJJI Jl oL^jL cSI^jj 

.4-iC.l t /iill j Aj^jaJI dll jjij-all j'-^ » ;1 A^Lal 
AjCbui j Aj aLui lj! jjila :8.1 JjAaJI 



(V) <o^JI (i) J^l 

(5) &J U1I (0 u-J 1 

(p) JoiJI ^jll (7) ^'J^ 1 

(P) ii^ll 

(p) aiusii 

) Sjjsil j <oLkL„VI 

(c/) * ia 'ill 
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jl^Lo jA ^^Ix-ii jl^LaJ ^ all a jl-lLo ^Ljj I i iaJl ( _j-alu: jl^Lo jA ^jjj alui (jjJ^La ^Li j 

s s 

lij (jjiSlxxll oUjVI j tUa> >a ^j-aUl jljioil (jlS I jj Ajoiij ^1 t nill jljLall oL>jl A] (j-cU^ 

(jjclxjuil ^J^l-ill ^jLill jl) ^ «li nil jejLiII ^Jaxj ^jjlalla a (jiisjjaj AjtjJuVI jj^-ajj 
(jjc-lxjoill JLWia Mj' '— J ^1-^1 ^11 ^Lill ^S'^'-'J .AAAjoiill Ajlc. (Jjj La likj cLvaLoi IjljlLa 



A -5 



B 



cos 9 



(1-5.1) 



J lilli JJ ' *«1 ■ aJ .IjL-a ^ all all 1 afrjl la (_L^aLa. 4 jj-LaUjA (jlcLiJill 111 Aji 

^jUII J) ^cLuill gjlsll (jli t^jii aj^U t> . A ■ 5 = 5 ■ A jj ' ^ Anil gSLifl 

(j^ajj ( jjjli -aVt (jjtlxjaJI (_J j3 1 n a Jc j^C ^djujj jl-lLa jA (jjJtUtjai (jjjl.}La] (^^^jLiJI 
(jjclxjoJI JUa« L_ljj_ia (JjL^ala ^jLuyS AJLWa Lai . ^^j^ill Aill o^C-U ^ a i aJ LaJ AaLsjI ll l^J 

' 1 jjj AjjIJI ' ■ Ua Jj L&jjJaa ' ' 



Axfl 



B 



sin 9 



(2-5.1) 



' I g CllLa _jl*-a]l (j-a Aj^* <J '"'.'^Q ^Jj '^J«jial ajl i aa 1 AjjjjLjjI A-a^La Jji-o I^A (jlS 

.ebjjill JJ Ji.X» j A*Al (jt L_lL& JJ £ ja-jll t*!Jfi 



^lluks 3.5.1 

jll (JjLuiall J j-all AjjLljjill CjI jjilaJI jt Aj^tjia ^-lAlLa ^JaLaJI I 1a J ^Jij 

I^A J A-a^LaJI ojLaJI Jc. >jU..,.1I Jc. 4j3 Aji.jjIaaJI Ul ■ aall til^cl in'ini j .dlaaJI JjS Clll jLa 
jijj Ljjl JJ AiLwaJ 4(jj3jj^_a]l jj'" ^ all IfrfraJjJ jll AjxSI jll CjLiAaJill liLjjj i J - ajll 
Ajoiii^JI J A^aJjC. A;iiJ JjLa-a J ^aLajAVI LlLiall liUj (j-a qua*. 

Jll ^j| jjll ^^a-J (>aj«ja tA^ujLJI S;.V.«H Lai .L3J Ai^ jll Alkali Oli ClVL?_a]l j Ajjj^JI 

.Liallc. IjIjj j^uiji jVI Lp^iitl 
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(jl aa (J^l (j^-oJ .(Jail Aij_)ia j 1 . >>Vi Vjl ' . '7- J tA^j^JaxIl (Jjl mall '-**».' aij La (-3 
(jfc 1 ilia all AjjjS (jjilia 4<_ll _aaJI jLajV o.la.1 j Aij^jJa (_pa_)XJjailui Lu^l 44ji)_)IaJ "ULuiall (JaJ 
Qajlu 1'» all (j^y (_J^)i.l (JjLuia ,j ^j-ajiMi a 1j 4jC.Lb a (Jj3 (Jail 4jjjjj_all CllLa _jlx-aJI 

(j-a JS ^jij . (Ja. •iL^jj LfcLP^ ' JlV"" 1 , 1 jjl (Jj3 ClLajlx^ll I jt aaj (jl (jjjjjaJI 

ClI^iilLall 1 ^ \ ^j| (j^-aj ^5-^^ ClLa^alx-all (j uj ■ a 

ioJ^LaJ ^j" i'<* a AaJl kj (jl jjj Lm I JJJ^ ^Scl Ljl ■ aiill (j* 4 j 1 3 (J^j ' ■ ltj£ll Ajib 

Jl jjV U ■ aitll lilt ( Jax^3 tAjjjaJI 4joi.%1I ^4 I JJai Cjlij jll lillj (_^a j. aaj "La-j C5 ic. j 
4 a-lmj 1 "'I jl 1 aa (_g ■ " b ajl LiA j^t-cjl 1 " ll jl 1 aa il j .IgJ JAa_a J^. (jj^ jLa. ' j j-L-b^a 

.4JLoia11 4 & l 1 ■ 1& ^LJJ al l $G>\ ■ aJ 

£j^u£jL (JajA 1.3.5.1 

(j^i jj£I <La ^Ixjj ^11 aatil -1 lajll L-Uj aJ 1 -ll j L 1 al jA (j_^uij£jLi jijx 

- [3] * 

Jjjj^i j t (dopamine) (jxaLijJ! (j>«jj ^jill Cilj ju^tII i aij ,j^aj-all .'^(jjaLull 

^ jj^aiklall j_g j'lmall Jx^Jj .<l£^aj| (_paj^j dljLij -J^*" ^jit ^C-LoiJ LAa ^ j ■ a& 
La IjlA j Cjajiui JJC- jaj ^^ic (Jxaj Ajt^.l_)ll Aj^xjII tllljlj t^LaJI ^ t^jj-aLjjJI 

Ai-a^l ^ (jAaLlj^ll jj (j^i Ajjj (jl (j^-aJ I^J^?. «l ^Jj^ ^jLlJ 4£^>Jj Cjj'^la -lil 
CjLiI jja> 11 ^ VI J."^-J ^1 A j^l '4j L_ iLJaiuiVI AjjKaj bStj LS^)^ J QJ'"*'^J^ .' cP 3 ^ 4 ^ U^.'^ ' 
JJC s.1 jJL; Jjjjjll 4AjjJall ajlA 1 " ' ■ u-jl j .l^aa.Laa. ^3 L_! j£ o^jjoiLva «.ljJI (jSi. jl I LlS3 

' ■ la-lj t^j-aj-a (ji>j-a ^jj' aj^^jl J (j^aj-a (jV t _>juijll (j-a ^^j-aj-all ^^ilt V_ajia IjLlk A "-^ 11 

.jlj-alioiLj ^1 jJLj (_paJ^all AlJJJ 

»^» a (Jxxj ^^jll (J-axll Jj3 (j^i j j»Sjlj ' . lllaj iA£^>Jill lillj J Sjjja. 4 ntVift tl_)ii. »^a. ^j^' 

4ja.!ilc. '"'1 ula (,\ jJI (JLaxioil jj^aj ■ " ua J <-aj!iLall <c.^aJL s-l jJLi Ajjjj Ajll aj <• . aJ 
f I kcj JjljJ (_gl) Olc-jaJI (jjj A \ » alill 'iXall j ciLaiiLall AcjaJI \; laJj j»£jl& ' , .dljLi«JI 

.AjIcUj ULal j j^joi JiSl f.1 j^ILi ^JjJJ <LjJa Jl AiLjal t(f.l jjlll 
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IAjjVI aJAliall (jAaxi^a AjLiJI 4-a_pUI OljjVl i^LLJI I1a J 

gr^^ 1 gA^ 1 ujj^J gA^ 1 UJJ 11 

jjjjl Ja J Jajll (_taj tblaC. IjUi. jjjyl A^-aaJI J axilla s-lj-JI (jia. (jl Jj I Jajj 
AjLulII Aijjiall jA ^1 (JJjla «Ij-JIj Aljjjll tjjjljjall lillj (jjj .(jlayel\ Jijl) L?J^ 

dllsl^p.! i ■ iHaSia (_J Jjjl _>laJl L»1 J J^J *1 jg-m *l j-JIj ^Jjjjll (Jjl jia JJ^I Ig-iV jll 
(_gi]| jjJaaJI J Cl!il£jaL<i 4^.ljJ Jl t((_£-lijj]l jl JjJaatJl (jiaJI) Jjutjuball Jji.J ^gCSluii 
(j^a^j-a £a (J^ljjj (jl (j^-aJ jl L ™ ' " cA-ijoiajj tA-i^^jai^ ^Ij^il (j gaJ aj ^joi 

S.I jJI Lai ( llaJt dlaJj (jfla 11 C(jLuJ]l 1 " '■«■* j tillaJI J (j^allj dlLilxjjVI Lj-La j (j_ajgij£jlj 

lAilla * '-^N jit (jjaj^all slj-JI «.Uacl (j^aJ 
.^iSI J j^lui (jaa. IsJjjVl .1 
■ ** <N . u. M J jjjlxo (jaa. ' * " ■ iai » il .2 
• O-d jaVl Jjl2 <1U J L£ r^ilL .3 
.(jLuJll i "'->■' jl J '.Q^ui .4 



(jt i "'I Jj» ■ all Jc ' ■ llaLllI I (Jlai j Jt ' i^luiall _ajJa»Jl Jj J jj-a _jU j 
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A l&x j| (jU 1 jLj (j^aj-aJ (jjA—a-all jJjJaJ (jja. 4-jl V) II J g 7- II ^3 S-l J^ll 

4jc j <jlki L£U. (j-a i_alhj jA j t^LoJI ^ j^La- ^La-JI ^4 ^a. jJ 

( ja.UJI liA jl -cSJ^-Vl CjtjjjaJ j el jiSI ilij I jjL& Jliij dlja-J »l£aL <*-al 

eAull ^jS ) to^jl ■ <all ^1 ^oaII (j-a ^La.l]l AjLaaJ ^-aj a-a3l 
jl .^LoJI Aauoijl Jl fJI j-a ( JiU-L>U ALli]l jjC. ^ .till) LijIjj$£ AJaikuJI CiIjSjaII j 
j ■ ->"'« a Call ,j (J!iLaj!/U I -0 J- 41 - ' . ' ' "I '"' * - ^ Ul , j jj (JliluVI 

jla cLilU.j . [5] Ujjaj ^1 t500g/mol (jc. JL ^ill ^jjaJI jjjll ^ ^^j^l 

Cllj AjjjVl (> Alall J 98 (> J »JA^I ^^ij^l ^li <JjjVl t> Alall (jilOO 

. ji^ii ^ J ^ ^ >\u^ H >U ^ V Sj ^l ^>il 

^jAlLajj dll-la. j]l (Jjjai AjI _p ^jlc I _jj j£j (jl 1 ■ la-j jjlll j« 4-aJ^-LaJI <C^)aJI Ij laJi] 
"<^L>?^ UJJ^J C5J^I UJJ^" jjl) (J L_lajj .^jaJI jjjllj Jj-aJlj <]jill 

12-jjjjSJlj <jjlia s jill ja (atomic weight) csjUl jjjll jl .^SjJ QjijlL 

.LaLaJ 12 lAjl^La j^jll <1j£1I <_^i (Clljjjjjj 6j JJJJJ 6 (j^i (_j_a£jj (jjJJ^ Jjlili-a) 

^jjjjaJI UJJ^' ^ .^>j-aUx]l ^;n7»l ^JJ-^I (jljjVl (jaXall) |_5jjjJI JjAaJI jaiJn'nj 

eilbj ^1 cj| jill Ajjill o'jj^ 1 t (M[MN -1 ]) (molecular weight) 

(jjjlUI lg-j-a cdll Aa.l_j]l (j^i J^XJ ojLai] ^^JJ^aJI (jjjll (jC jjj«j]I (j£-aJj . L_l£^all p^eja. Lg-La 

(jj^l J s^a-jJI J ^'m'i .lb m /lb-mol j kg/kmol— II j g/mol— SI j (Dalton) (da) 

. g/mol ^ j 4t_iWI j pUa-Vl 

g- ^^aljill (J_»a1I ^5^1^ (_J-JI C(_5Jp-a]l j»Uij]l ^ SjLall (j-a ialjll Jj-all LSj 21 ^ '^J*^ 

I-^a j . 12-j^jjill (ja 12 ^ sjja.j^ll oljill j^c ^ jLoij olLjaJI (ja Iji^c t(mol) 

c<jUi-a jaj^ia ^UaJjJI jaliiill ^ (J-axluUj . ClUj jaJI (j-a 6.023X10 23 jl jj-ll£jal J^C- jA 
;4jUi-a jaj ^jic. ^jjxj ,^111 Jb m -mol lS JJiASI J J-*!' Aj3 <JjojLuV| J >all o^a. j (j\ VI 

SjjjIII (jl Jl Ijiiij • 12 — (jjJJ^ll (j-a ojjJ 12 ^ Clljill J^C. (_J j^iilll Jj^JI (_5jLuy 

cLajxC .^^-al^jxJI (J yal\ (j-a sj-a 450 11 JJ^I L^JJ.'..^^ Jj-aSI (jja i^l^xJI (j-a ^JJ^I Aj]j£1I 
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6.1a. j (J jstl\ (jlS til tUia&j j JJjlil (J j^JI (j^i < _ s -al jill J j-all (_ltj£]l liA ,j (_LixJ 



UjC. 44 ^^ic- CO2 J«JI Jj-<^l . (^-ll jaJ Igjjj (^IjxlLl) Lpl£ (.SjLu" 

.44 g/g-mol ja aji^ <^->^' ojJ* '0^1 <> 

J^C. ' .'"'^J l^Laj to^Loll jl-lLa (jc jm'i 4 jj&llj .(1.1 (Jj la II) ^jiViji] ^Lijja jutAxi 

U lis j «a 
(3-5.1) 



(ja I all q a • jajjj c^^jjj^JI (jj_jil ■ " ua (j^i buoilj lailikl AxjLill AjjjsJI CjLujaJI ' illaJjj 

.(l.dj J j-l?JI) AJJJ^JI OUjjaJI ^ <xjUill AjjjjaJI jl jjVL) 4-ajlii (til) 

<^>J! J^J ^ 2.1 <PA 

0 ja_p SjLj jjj . ^LojJI (jj-oUj^ll L-deprenyl J-JjjjjjjjJI ^iaj :4Jtui« 

<_y£3 (Jjjj^)jj^i] AjjLi«j£]I •Mjli all Lai /jj, i.Xjl j (j^aj^i (_palj£.| oliaj ' ijja J j^-aJ ^LoJllI 

.C13H17NHCI 

140 (_£jLuU j (j^aj^j ^jjjU-a-aJI AaJlat-J "LajMll (Jjij^JJ-JI <C._)i. jl (j^ajaal 

jjjjjjj.il] ( _ s JjjaJI jjjll 1 -LmaJ tV jl -Li-ojJ O^JJ-oll jjj j* ^J^j\£ <J^ LsljftjjSj* 

4 jj£ .^La^ll j»j 3^-^ jj^" ' ^lsJv?' ** ■ ^ •*■ ^ (jjjil^ 500 A ;*» II ; Ajjla j 

jxi j_jx> (I) : Aa« jjII "ItjaJI ,j AjjV I CjLjj£-a]l jxi jl^Lo L-lmaJ j 1 3 J la ■ " _jll (_^aai uill 

. (Jjijj JJjJI CllLuja. ( a) 

.l^la (_ilbj dljill Ajjill (jl jjVl £ J-aa-a Jjjjjjj^ll ^^IjJaJI (jjjll (^jLuy :JaJ| 

(jja.jjiiill (jx eAa.1 j sjij (jJa> jjAjA e ji 18 j (j_>JJ^ »jj 13 ^jic. (Jjjjjjjj3l ja. (« ji^jj 
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jviUtN lSJJ^ Jj-^ oU=lk-« ( ^ Oljill AjjIII ij'jj^ .jjKII (>i 0^.1 j e jjj 



M =13 


^12.011g^ 


+ 18 


r 1.008 g^ 


+ 1 


^14.007 g^ 


+ 1 


r 35.453g^ 




^ molC j 




mol H j 




v molN j 




^ mol CI J 



= 223.75 -^ = 224 Da 
mol 

^JaLoll jlijl) Xiyaui ^13 jl AijlJ (jjJ^ 224 (_5jLuy Jjiijjj.ll] ^jjjjiJI ujj^ uj c?' 

AiLiall JjiJj ^LaJI CJ^^ J-^f J-'* ' 10 *(J?j$- i^^iJH^ i} LS^i -(6.1 

■ A£.1£Jxjia]I 

jj£j ,lVn-s . (4j]j£ ojJjl 154) 70 (_£jLui) (jLuij^l ^JoiaJ ^ U * n j]| (jjjll (jl (jiajjal 

: JjjjjjAill j> (daily dose) <j*jjjI 4ejaJI 



dose = 



^140^g A 



day. kg 



(1 day)(70 kg) = 9800 (xg - 10 mg 

[7] 

ojjjjilall Ajj*j lb all dlljljjll ^-o Aialjla 4£.jiJI oi& j 
'.Cljjji Jl aJj£1I Jjj^j] ^^jjj^JI jjjll JniMinl (I) 



10 mg C 13 H 17 NHC1 



1 mol Y 1 g 



224 g J^IOOO mg 



= 4.46xl0~ s mol C 13 H 17 NHC1 



(jjjll jC JJJJtjll .4j]j£]I ojJjUl ^jij j»lj*ll (j-« JjJ^-^ ^-OJ (s-l) 

: lb m /lb m -mol— 11 J g/g-mol— SI JjjS <> cjl.ia.jj yAij^ 1 



10mgC 13 H 17 NHCl 



f2-21bj 


1kg 


f llb m -mol"| 


I 1kg J 


ll0 6 mgj 


I 224 lb m J 



= 9.82x10"" lb m -molC 13 H 17 NHCl 

Jjjjjjj.l]| qa Jj« J£ jl cC ojj 13 (^ C13H17NHCI (>• lSJ^ ((^) 

:lilj t(jjjj£JI ^ 7j« 13 (^Ic- isy=^ 



4.46 xlO" s mol C 13 H 17 NHC1 



13 mol C 



lmolC 13 H 17 NHCl 



= 5.80xl0" 4 molC 



35 



LaljC. 12 jA jjjjjill JjjzJI (jjjll Jl CjVjaII Jjj^il JLjJ^JI (jjjll (Jaaiuil (j) 



5.80xl(T 4 molC 



V 



12.011gC 
molC 



V 



1000 mg 



: 6.97 mg C 



= 2.68xl0 19 molecules 



4.46 x 10~ 3 mol C 13 H 17 NHC1 



^6.02xl0 23 molecule A 



1 mol 



l y a JjJxJI lifliA .*l j^ll JAi aaj (j^aJ '**JJJJ' ^ All*i3l AaJla all Ac^i. jl^Lo t— iLma. -Ixj 
Ifria Alali. CjU j^a Jc (_£ jjaj jll ^Jjjjij t J j l nr. I SaSl a a tjj-aljiil) A-uV lb all JI£joiVI 
(j! <]Uill ^^iUJI ClAj^o (_>axJ (j^i .CjljaL^aall j Oljjlall j C]l$£ia]l j Ajajljll jl jaII 
Ail i ^il ^jjjjja II ^jj '"''*'» all Jc. IjJ tlgj jljj ^ i^-i^all Jc ■ ■ a ■ aj lAi. 4 SjJ ■ a CjLia^j I ° ■ a j"' 
.(_^aljsfyl£ 4 J jlUll J^joi mii A-ajjl frlj^ll Jl AlaUJI CjU jLaJI ojlA 

I^cjj^ tllV j^i J^C JJ AjV j» AAC Aiuiij 

(4-5.1) 



n A +n B +n c +n D 



l_£jLuU (jl ' ■ La-j t4 *jlVi* ^| /) * . a j .AlaJ 2 jj j , a a aJjaII A uh'iII ,Jk Ajjiall Aj]_ja]I Aiuiillj 

lAaJjll g^jjtW dllj _a^a] Ajl ja\\ < . bailll ^ jxa a 



U 1 v«d 



liA tlia-i j 



l^jlj A, B, C, D ciAj^al! qa jsj" 1 A (jj^all w A aJj^II aauuII 

:ajK]| ^jjJI a!j£ A aK 



m 



m A +m B +m c +m D 



(6-5.1) 
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gLJi_yi\\ ClAij^i a\ Aj1j£11 ' -Luiill ^ jxa aj .AlaJ S j j j , U ^ ^jj^ll 4 u.i'ill ^^-A Ajjlall AjIj^II 4 u.i'ill j 

i 

jj£ J (3LJS1I J^ll j ctfj-ll) (A aLS j ctfj-) JauJI ol^j J J\ 

Jjjjoi ^^ic Sjl^a all Cj1.li._jl1 LS \c Xojxj V Ajjill J AjIjaII A-boijll AjJAxJI 4 ajjll _jU caJjLoIo 
^jLuj W 0 cAjKII JSJ-all aJj£ _> 0.33 J^-"" O2 —H AjM AWill lij tjlij 

gj_3^il1 CjI^jjjI (j-o jjja 1 "^1 o^Jjl 0.33 jl tAjKll ^ja!\ CllLaljC. _j-o (jj^joi^l jal^)^- 0.33 

.AuKll 

U ijjuJS 3.1 Jlltfl 

Ailj£ (jl Aijx^iJ .«Loll (j-o jjJjL-o 10 cJ^^tt^ j^" 0 10 (J^- Ajl (_>i3JJ3l :4jLui« 

j^ll 4_il j^JI Afuiill (s-^J Ajl&ll A liuull (I) 1 -IjLtt^J 1 jjjIiLiaII jaljC- 1.0 iS J-^ *Lall 

^jLoi ^1 J jkJl 3LJS1I AiSlI jUJ Vjt bjk aJ&II A^ill (I) 

:<Lo ^ La alt ^aJI a1j£ ^UjV flail AiK JaVinil .JjjjjJjjll j s-Lall 



^ water P water ^ 



1-Og 
mL 



(10mL) = 10g 



10 c5jL^ ^1 pUI aISj aL^ (10mg = 0.01g) aIS J i^V 

5.1 jjl Aj1j£11 Aiuiill (jjS Jjjja. .Ijjjij flail Ajj£ (_g jLuij t^lall j (JjjjjJJ^ll ^."'^ ^ J"? " 



w. 



10 mg 10 mg 



deprenyl 



10.01 g 10 g 



Ig 



1000 mg 



= 1.0x10 



i_Jjial1j jJI) L_llial1 qa (J£ Cli ja .lit Aija_o ' ■ laJj if.\ jJl Ajl j-all Afuiill L-lLuiaJ 

Ajjj jjLall a!j£ ajjoij ^ jLau jA\ j^c t3 _ 5.1 aJjIx^II liaj .(f.Ull) 
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n deprenyI = (10mgC 13 H 17 NHCl) 



'lmol"] 


f lg ) 




^1000 mg y 



= 4.46xl0~ 5 mol 



Ijji^ Ija .Jj-a 0.556 lSjL-u ^, va(er *La]| C^jji J^C. J c4jL1« jaj (^itj 

(Jjjj^JJ^l] AA ya\\ A Jin ill (jjSj j cs-Lall tllV J-a LjjLoui ( _ ? 1SJI ^ij-all dlV JJC 

'4.46xl0 -5 mof 



deprenyl 



0.556 mol 



= 8.02xl0~ 5 



La-la ■ a (jjyl t*Sli (j! Vj ' JUaII lift ' _ -N j'-^-aJ 4jjtLi (_U$-a L_llia]l jl^La ji jn^a 
. "^kxi (jjLig-a La^j j£ (jS^J J*J VJ 4-ll A«JI CjV ^ j ^ Sj£ (JLaA I j»-lc. ' ■ la-j I . Lajl J 

iJUutluiLj SJ ya\\ • -Luiill ^ja Ajal^xi Ac. j^a a A-ltjSJI i -Luu3l (j-o j-a^-a (Jjj^J 

.(^ia f l JC. 100) JJ>3! <1j£J La 
^jjLill SVVsIl i (jjiall SjVVsll Au„\\\ i . ij, j^Jj (j^jLa JS Ai£ L-bmaJ • 

£CJ j-a]^ _a^a J^C ^^Jt AjV j-a J^C 4-ajjikj (jj^* (J^ *M J" 4 ^ <luull l_l 



*Laj3 (j^ajllij . ' ■ b-jj ^1 WA j-a]l ' ■ baiill {_ya Ac ya2* a (Jj_j2«j] <gjLLa AjjI^sJ (_LutLoiJj 

(jajjj 4jl&]| Ajiuij j (jj^a JS ' _lma>J i(!>liLa (J j-a 100) gJ^)" 0 ^ <_S^ <^lVj<aJI J^xJ 



j^ij aj^ji i-iuua jjja^i 4.1 

AC^)3JI (jl j C(j_jjoij£jlj (j^a^aj L-lLuax3 (Jjjj_)iiJI (j-aljil dlij a j Ajl (j^ajjal :4jLuiA 
^jj (Ja»*imj (ja (j-aijoJI (j^-aj J^SJ I Jjj^ (J-a^)^! (J*-?Jj .^la 5 ^^A AIa <llai]l 

^ ALutliaiJI AiaUJI CjLi jlxJI j .^L 200 ts J3k (j-ajall Ai£ ojLljl <LU. Oljj£-a cl jjlll 
(_5jLuU ^jVt< A luijj) jjlluill j ^ ^l ac tose = 0.475 (_S jLoij ^ jfc^ 4 Im'ij) jjj£!iUI 
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-( W M g stearate =0.125 Wu) fjjj^ £l\j^J ( W cMuk)Se = 0.375 

jjj£/U 4Jt-iJ-a]l .Aj«jjVI (Jjii^JJ-JI (J-^J^ L - J ^ J^ 1 ".' 4juaLaJI Ajal^all <Li] j-a]l i -Luu3l 

j^S jjlLJI Lai .C36H7oMg04 ^ ^jjjjiLall CsljiiuJ AjjjJ^JI Ajuu^gj ] j 'C12H22O11 

^jJa^ j ^ja. jjj Cili jj£ jlc. ol j-a^j j-o ^j-a j^Lo (polysaccharide) dLj^ Atla 
J^U^ ^jaJ! jjjl! J 2.1 JISJ t> >i .[8] ajilb 400000 ^jl^ 

• 0>ab 224 ^jL-, Ci 3 H 17 NHCl 

: 6-5.1 aJjU-oHj JjIijjjJI 2jh<« 3 unill ^U» J , :JaJ) 

w d ,= 5mg =0.025 

i 

(j^i (jj^-a (JS 3 Ll£ ' ■ b aaj ^aJ . ^al jC. 100 (j^J ' (J- 3 <Sj£3 La A a jS (j^ajjal . LfijT ojj£j-a]l 

jjaVI ^ ajajl < aJj^II (jj£-a]l ^jmi ' . 'j l -**.' (j-ajsil j^" 

prenyl =0-025 (100 g) = 2.5 g 

m iactose ~ 47.5 g, m celtulose ~ 37.5 g, s , earate — 12.5 g 

AjJjjaJ jljjVl JLaxa^lj ClV Cllj'jiJI JjS Jjjaal 3-5.1 4LL*-a]l 



n deprenyl — 2.5 g 



^ 1 mol 



= 0.01 12 mol 



.224 g^ 

W =0.139 mol, W se =9.38xl0 5 mol, n Mgsteamte =0.0212 mol 

total deprenyl lactose cellulose Mg stearate 

= 0.01 12 mol + 0.139 mol + 9.38x10 5 mol + 0.0212 mol = 0.171 mol 
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:4-5.1 

^ pre „>/ 0.0112mol 

Xdeprenyl = = "T-TT'TI T = 0-0655 

^ 0.171 mol 
* to =0-813, x ceHMte =0.000549, * Mg _ =0.124 

LjjLui-a AjIj^II ' ■ baiill ^ * (jj^J (ji tdlUI i 11 (j^i ^ja^'U 

^ x,. = 0.0655 + 0.813 + 0.000549 + 0. 124 = 1 .003 

(jjjll ' ■ b aaJj 4 ( _ s lijiJI Ajjj M ; j i^j^W (j-° I (jj^-all Ajlj-aJI 4 luull X ( - IjJ .4 mil 

^jl! ^>ll 

i 

^^jjj^JI (jjjit t . r^j tA, B, C, D ciUj^-all ^^ic ^ Lu-Jj&sl jj-^^j L° <s* 
aAj>JI j! jjVl <> . M avg = x A M A + x B M B + * C M C + x D M 0 JSLilL gjj-U 

£-^1) Jj-al] LaljC. 28.8 lSjLjiJ ^jjlll frlj^il ^ la i a jll ^^Jjj^JI (jjjll JLaxIkuVI AjljI ujll ( _ s Jajj_j]l 
(jj^ui^VI (ji JJ-ial _jll (j-a .(9.1 (Jj ^7- ii CjliLull (JlaxiaAj • a li& (jL i-^l ■ 

A_Luij (j^lfLaJ La^jV (^ L ' ^ali t _ 5 JJ^^li (j j_ali ^j*" (jliaJ^-ali LaA (ji^j^lljli j 

.plj^JI (j-a 
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.f IjfU <^j&JI LjuSjoil ;9.1 Jja?JI 



(g/mol) ujj 31 






28.0 


78.6 


N 2 


32.0 


20.8 


o 2 


44.0 


0.04 


co 2 


18.0 


0.5 


H z O 




0.06 





ykyjfl ^jaJI 5.1 JUJI 



i_jlia]l (JjjjjjjJI (j^ 10 ITlg ^jic <_SjiaJ JjLa_a] t5 Ja J jjll ( _ ? jjj=>JI (jjjll I— lma.1 :<ULul4 

.*UI <> 10 mL yi 

J jla all laSa jjjjj^a J ^gjj I jiaj j .^Lall Aj] jaII 4 u.i'ill Aij*-a V j! ^Uaj ij^lt 

:,J?i\£. aJ jxll 4_lluJI ^...v. c^LJI j Jjjjjjj^ll) 

X water = 1 ~ X deprenyl = 1 ~ 8.02 X 10 5 

M —x M -\- x M 

avg deprenyl deprenyl water water 



= (8.02xl0~ 5 ) 



224 - g — 
^ mol 



+ (1-8.02x10 5 ) 18.0- 



V 



mol 



= 18.002 « 18.0- 8 



mol mol 

jj^jjll gJJJ ^^jII AAJa-i alt Ac^aJI L_ll i ' ■ La-j iA^uiLa dlle^a. Aii-aj (jjSAJ Ajij 
a] jxia AiajJa (^ile (JL?-a eljJ J£J lilLjA .^LaJI ^ j _jLu ^ji *l j^B Aj3 l_1 jC. j-oll 

j£l Jill <jj£ V l5>^VI JUill JjS JS1I jA ^!>UJI JU^ll ^Vl (_• jUIj .^iLSS 

Clli Aj!aL jgi j^^a^UJI JU-all (jl&Vl t-ijUl Lai .Aj^lc. Aaj3 ^1 Ala Ja! ^ill 
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^ j'jLal Jt&Sl jj£ Jill ^jLoyj .J^ll j£ Jill <1V^ LJlfi ^!>UJI JMI t> J"4 

C=— (9-5.1) 
V 

kg/m 3 j g/cm 3 JjS Jj13 CjIjl^jII joj <[U 3 M]ja ylSlI j^J^ 1 

aj^LxJI jjSIjjII t iViVi if-\ liajj .lb m /ft 3 j 

J j-all jj£ j ^ji^ll Jj£ Jill J« JS Jl Jo JJ . J jla all J jaII Jj£ Jill I ■ iaJI J^oj 

^aJI H AjVj^i ^^C. jA (Jjla-o jl J" <_5^ Lo (jj^ol Jj-oll j^J-^ j) "C 

C=— (10-5.1) 

v 

g-mol/L j g-mol/cm 3 a! <*jLill Cjl.ia.jll joj t[U 3 N]jA Jjoll 

<-oja (M — j l^Slja-l j j.,vWi ^1) (molarity) JjL^ll Aj1>«j .lb m -mol/ft 3 j 

Jjjijjjjjill Jjk_o Jo 0.1-M tjlloll Jiboi Jc . mol/L— lb ejJlo (jij-oll 

jj^l j£^j .^Loll jo jlil el jj^-o jilijjjjjill jo Jj-o 0.1 (fibronectin) 

.^cjjoll ( _ r l^ll - a II ; Ia JjSjl < ■ 'j' '— ; Lo Jtjjo ^fl ojLo (dlV j-o J^C. jl <1j£) jl^Lo 



j^jtft 6.1 JIU 



10 / j L_ll.loll jjjjjjj-lll J-o ^Lo 10 J-o Jj^li l5^1I Ajoiij J jla all (J i nLl :4jLuM 
<1 Jj-oll JjSjill (g/L J Ijjla) el jjU CJ Ilill Jj^Jill (i) L-ma.1 i*U Jo Cjlj'nUja 

.(mol/L — j IjjIo) 

:JaJI 



: 9-5.1 2Lbl*-lL *UI J ^fiSB j£ Jill (I) 



C = 



YYl 

deprenyl 


r 10mg^ 


f 1 A 
lg 


( 1000 mL\ 


v 

water 


v 10mL y 


v 1000 mg J 


{ 1L J 



= 1 
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SlJaiu (Jjjj^jJJ^ll AjI yaj . Jjil jjjJI qa (J y& 4.46 X 10 5 A^iJ (jl ^L«j 43.1 (Jliall ^j-a (l_s) 

: 10-5.1 iliaUJL 



C = 



deprenyl 



^4.46xl0~ 5 molY 1000 miO 



water \ 



10 mL 



1L 



: 4.46x10" 



mol 



.C13H17NHCI t> 4.46 x 10~ 3 M ji J jla-« I i*j 

(JljLo (j£3 4(jjjoij£jlj q^zjai jjjjU^a-all <^Jlx-a3 (_i«Vl (j-o j/'*^ cJ"^J (Jjjj_)il^]l (jl ^Ja ■ 
(JLaaiuiVI 4jlc.lill (jlaliajl j j».JI iaat ■ '— ^lijjl (Jjj5 ^j-a c4j AjjjLaJI (J£l in all (j^i JJj£ 

' dlLuSjj is.ll.la. 4jj.ll j SaJ I jj *M 1 aj (jl (jiuiAi^a]lj dLalaJI li] . XaVl (JjjJall 

A\y ^.»ll ClU jJaj^aVI J j el.ll (jjjU^a-all 4jt_ajl 

Jl CjU jk^VI M-*-^ J-Vl O- t lU^ ^1 Ln^ Aij^JI CM&ll ^JaJ jl 

60 t> uj^° p^l » j?- cs^j '(buckminster fullerene) Ji^y-^ ^jjj^ 
oUllJ ^ ^jla2 (Buckyball) *^ cjl j£ t5 le. ajjjVI Ji -ujijfc ^J- 1 

Igjll J ja^j jll (jLaj V ^1 g-LjJI L£U. j ^LajJI ^ J j^a. JJC JjV JjVI ^jkWl 



£uj*J1 ^k" <-"JJ^ 2.3.5.1 

eUa II 2 a! . V. , ,.S/ AjLlii <jjoiajuill Ar. jxa all t_l£l j£ jj£I ^tj^all jxj 4 j-okll j (_pajVl r I '** ■ al J 
jl Vj .(jLujVI (j- 0 j 1 lajljVlj 1 al *<*...M\ jja.j]| (JjiaJI «jjj«JI LJU. 
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Lij 4j£ j^Vl 

lgia«.!/L<i jl Ig ijin'i t ■ la-l j^jil i_jjjla]l ilia ill 4jjjaJI 4juj.AigJI ^l$-a t_$^\ (jl 

jlV'll (jj^. LgJ UiUVill i_taj ^^jll £cj_)a]I ^- laj a t_a JJ^a J,'^"' i^ljlc. c^JLaLall oi* ^2 j .Igii^j j 
LSi L_i jjia 4 » ■ J (jialilui 4<ULjia]I jUaj ^2 . (jUaj^l (Jj2 (j^i AjUaiLail ^ 

.(jlill 4JU ^i) U.^ll • 

T S jl jaJl '(Ij^ Aj^ 4iAi« (J*aJ La IjlAj tjjjji-o 141.6 J^-j (_£jLoij £LJ^<Jlj 

SjljaJI ClL^jJl fSXui jj£I j C<L« jiala jl aurt ^ ClljJ jail ^gjam j]l 4j£jaJI AaUall (jC 
.|°F) Cill^j^a ^Luij i|°C | (_£jla]l nil jl (jejuni mi j '(K) (jil^ (_jA VI .niMml 

^lua (jl (jja. ,j ioAaJixJI dlLjV _jll <j AjLo jJI eUa 11 ,j (JLoxiuiVI £jLS ' " g ' Jfl * ^lmj 
.Aai\jll ^CLuJI (jjj AijlLo 1.1 J^i .nil (jJJJj .4-LalxJI JLatVI ^2 It jJjuo jj£I (_£ jlall f il..ill j 
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-//- 



273.15 



310.15 



298.15 



373.15 



-459.67 



32 



98.6 



T 



212 

JL 



-273.15 



37 



t 



-//- 



!~Tt 



100 



t 



•J 1 J 3 * ^-J- 1 



jLllc. 4ajJ 



SjLiyi ^J_>^ . (_><i jjjoiLu j i " ul $ 'ij^aj [jiK :ciLllii]l SjIj^JI l1iL^.jj ^EiLu (jjj 5jjlLa (Ji*l2l 
Doran PM, Bioprocess Engineering principles. London: Academic Press, 1999. 

(jjjjjLjjja jjjlajSj 2 jU^. ^Jjix^i (JLutiuAj A a A &aJj j iUIaljJC.1 Sjl^)iJI ^lm l_ Sjxj 

pLall 2JaSj 

. ^jjxjfkll (« jaJI kit ■ all ^JC 100 l$jb AjLiit CjSjC. j t0 l^jL ljU .V.l 

t —273. 15 ° C ^jA AjSvcvi Aj^jiij S jlja. cs-^^' UJ^ c^luJI I^J ^ji-r-t Al^ljt^ lW^J 

.^jIIoaJI jiuaJL 

(Jjjsalj .[9] —10 °C ^gJa. —76 °C £yj-<^ ^iajJ t5 Ic ojlj^JI dsLkjJ .iliij 



r(°F) =i.8r(°c)+32 

r(A") =r(°C) + 273.15 
r(°F) =1.8r(K)-459.67 



(11-5.1) 
(12-5.1) 
(13-5.1) 
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14 °F JjLxj ji>»ll ~U,„ ^^ic. ojlja. 4a. j.} j^Jcl jl Ja-i cCjV^UaII siA JLaxUj 

• 263K j 

^jJlfLall Oljlill (jjjli ' 'SL^?^ dlljlill liljlui ^ Jpjj (jl Sjl^^l 4a.j.J j^-<y 

(jliafl jULSt j .42 J ja. <a.jjj AjV JJCj AjjI ja. 4a. j.} j ^JllaSI jUll Ui > A jjj AiMxll 

a2Uj ja. jjj La ^ Jclilll j5 j tLul jsl 4la$_a ajUj ja. ^ ju. ( _ r ^al j2al jlc. jA (ideal gas) 

pic j jl jJa. £_aj c^llall jUJI ClUjja. ju CjLa^L-ojll £-faa. jl (j^jjii 

(j^aljjal ( _ s Jt j» jlj i-Jj^Sj AjLiiaJI Cjljlill iil jlui dibl ma j-a j/'^j . (LaLaJ Aj^a ijliJI 

(JaiJL Sic Jliall jUll jjjli .Jliall ^ jUI liA dilLi V*j1 

= n#r (14-5.1) 

44jVj^> J^C. Hj 4 jlill ^jlc (_J j2a all jja II ^a-a jA Vj 4 jlill (jlla^ll kj i all jA P jl LoJ 
_/? fJSJ 4ajV 10.1 Jj-^aJI j"' ^"'J 3alU«H Ajjlja. 4a. ^ Tj 4 JllaJI jlill Culj _/? j 

■ A2al£lall 



.R hk\£L»l\ ^11*11 jlxSI CjjIj ;10.1 JjJaJl 

82.057^1 , 8.314^— 4 1.9872- Cal 



mol ■ K mol ■ K mol ■ K 

0.08206^! .10.731 



mol-K (lb m -mol)(°R) 



standard temperature and jujUx-all i-i t. ^l l j s J jail 4a. jj J**!^ La Lllc. 

jU'jx^i LaA j 44j1j^1I Lj-a jaja. Lwa_aj-aa. 4(Jj|jlill (j^ajL^aa JjJaj jja. (preSSUre) (STP) 
jLjLut-all jLjjaJI l-ti > A\\ j SjljaJI 4a.jJ Lai . .iaJj (^ja. iajuJa j (0°C) 273 K Aic 

(37°C) 310K La^i jL^yi^ 

jjj (Jclijll j ^^jjjaJI {*? " ^ jV JIjaII iil jLall jc. 4jiLjSaJ till jlill iil jLu t-ijajj 
j_ojla l _ s \c ClLiLjAxj Cilia al 4 jLuuaJI ^ (jjl jill ojlA ia.Vj . jJjJJ^ L'j^J jl j^-°J '^!_)aJ^ 

(Johannes jlU jj jU jjU jj Lyu-a j ^1 aIjUJI o^ja. jJI lilt L>ia j t^llall jUll 
^ jSj CiLu jaJI j» _ja^. c-iL^a-V jlc J^j j^=>Li. jiljlj Ja. j tLua. van der Waals) 
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^J^Lall (J -0 cj' J ' ' ■ liA (JjLui-a a (j^l j 1 g iu La <La j.}x-all jjC- L_liLaj]l 

.JUaH jlill liljLa (jil jial 

(jjiix-a iaajJaj oj^ja. jlill (j^i .laJj (J>« J*'"* j tjlj-all jlill (jjjli ^^ic *Lu 

(JiaJ 4(jjJjLuLAll ia» i all j Sjl^aJI >'"*■ j . jlill (jc jUi'iti ^JaSj i^joiij ^ajaJI 

i -iuull jlill i_u£jil 4-Laa.aJI 1 ■ Luull j . Ijlil 22.4 ^ ^jj^- jl-*ll (j* 0 ^1 (Jj-all 

I Jin ill yl^J il_lL<all J JjLoill Jjlall <^fl (^1 i J-all (J-a^J La ^ Lai .4_y£jil 4jlj-all 

.La^llJ jSl£j <-aJ (j_J^J La Ijjljj [4_La^-aJI l _lmjll ojj^jJalL 4jl j-all 

21) jja-m^ Vlj (La^a. <iall 79) (jJ^j jliill (j-a liJJiJ LK s.l_j$JI jjSlj 4(_pajVl ^jlc 
((jljiallj (jjjjill Iji.i^l ^l^J UJ*-J^\ <-!■") L? Clljlc. (j^i Ujnij jjI ^a C^La^a. <lall ^ji 

V* 95.3) ojij^ ^ t> JjVl r tiJ ^ Jj^a jjjJI ja. Lai .(9.1 JjJaJI jfcll) 

jj^lLa ^-a t(Laa-a 4j-all ^ 1.6) (JJ^J^J ' Q " 4j-all ^ 2.7) (jj^ j jlull j t(La^a <lall 
<.laa.a 4 lull Vj '(_pajVI ^^It Ul 4_LaA^I JjAjuJI < jjja i aSVl JloJ .^^^.l lljl jlc. qa a jj» . 
jj<a A^l_jll (j^all cAjjj-all 1 ■ baiill o^A ^^Jt s-lij .^ejj-»ll (j"" ^J*»ll <_s^ 0.13 (_£jLuii 

jjJJ^ll j^. jlc. (j-a _jll (jj-all (jl jja. ^ t(j ,v> m's VI (j-a (Jj-a 0.21 ^jic (J^a jtfl ja. jlc. 

.(jj^ui^VI (j-o Jj-a 0.0013 (jJc. L5jiaJ 

4 jjl j aj£ CLlljj£-a ^^ic j"'^; (Jj lUSj (jiijl Llll jliJI (j-a lj;u£ (jU t(_5jiJI s-lj^JI jlj^ ^^Jc. j 
iiwa> 'JCi v ,l2vv,- 1 ' : iv — i L5 J^M' JJ^' is* <^L; jUI si^S Ajlj-all i jmil l jj .oAj^c 
jLkJI i^lj-aJI jlill (>ai>J La . jLkJI ^^Ic V i-ijiJI J^JJ 4(jjLall ^jic ^ijll (Jaj 

:Al 4jj^all till jlill Ajj jiJI Uji , ^ j-v-^ ^ (_j jLujj jlc. ^jJc. (_£ jiaj s-ltj ^ P t5^H 

P=P 1 +P 2 + - + P n =f J P i (15-5.1) 

i=i 

:<a!i*llj gjj-all jlc JS1 P ; ^j«Jj 
Pi=x iv P (16-5.1) 

(jjx^i (jj^-a (jc. ^lill laa ■ iall (_jl 4j (jj£-all ^ jaJI laat ■ call li lag (j^aJ 4jjl*-all o^A (JLutLujLi 
. Am jialall ^ {J^ 1 j a Jl lai i iaj AjI j-all <iiuij C(_j jlc. ^ j-° <_s^ 
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ju^aJlj (jJa jV! (jlc- ^Jja^l JajLuaJI 7.1 Jll»II 

.(j^ajVl ^jlc t^J^JI !-iir > j^i t-JJJii Alall 1 ^tJJ-all ^iiui ( _ s ic (_£j^JI .^-ill 

.0.01 atm jjo^l jtk^ ^ iai^all ^jLuu lilj tl atm o^jVl <^lc. lSj=^ U i> A\ \ 

l L yaj$\ .AjjjaJI la ji i all <_)LmaJ 16 — 5.1 aJjIx^II Ja»"u.n 

p /v 2 =;c iv 2 ,v ^ =0.79(1 atm) =0.79 atm 

I^Jj-all (^itj .(J^ajVI (jit P Q =0.21 atm c4jLla j^j (^icj 

. P 02 = 0.000013 atm j P N = x N v P = 0.027 (0.01 atm) = 0.00027 atm 
(Jaj j^-aj . jLuijVI i&LjaJ ^ UJ?' ' (j-o LaLaj (JLi. ^j^aII (jl ^-i-ial ^il j^ 

A-oliyU Jt^LuJ V b j^a " Ijl.^a VI jl VI '^JJ-<JI (J] (>=>jVI j^> JLuiJI jj-v ...<yi 

Ajxj (_K=jVI Jjl j^i jC- g.1 iVimVI j^-aJ s .11.1a. CllLjlij JJ j 3olJ L_laj 111 . jUaiLjjVI J oJjXoll 

^lHjj ^^Jc jjj-llii (Jjaluiall ^ ^tJj-a]l jjja jluia jjfL) jl ' ; ''X'J • jSJ" 4 ^ 4-ajb "LaUj JjjiaJ 

.^cjj-all (_K=jlj ja. 4-a.tLaJI JjIjaII j^i jja_ui£YI 

LJlc. Jxii La£ 4 " ' «;«■>■ " (. I jA j)C ' lllalij I ajja j . I ^a. jj-a I I— ia.1 ^cj j-a]l ^a. 

:V W-s^ j *w -^jS s ^ ^-alA ^ (density) p j^Jl 

p = — (17-5.1) 
V 

jl tL jxc j . lb m /ft 3 j g/cm 3 AjuUill l^l^a. J( >j i [L _3 M] 4i\j£ll a«j U 
jA iik It j .ol jUJI dlalj£ j-a U^liI jj£I oiAj 4 JjI _»jJI j^ jjSI aA^II ^La^Vl 

1 fLaJI ^lui (^Ic AlLJI jilaJ L-UjoJI li^lj c JjLJI *La]l j^i JSI 4jV tp^ all plmjuiVI 

.sJjLJI dlUjjll ^ Jl^jJI AjiLo ^Lall dl^J eLja II j^i AjjLall lIjLii ^-»"'/'ll j CjljUill 

(Jl a»* iiilj tl j^JI j^i 0^>jJ 2 -7- ^ L-iLuia. Ajij 17 — 5.1 Aj^lx-all i— jjjjj o^lc.1 j^oJ 

U &j (0.0012 g/cm 3 ) 25°C J3c 
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v =-= 



21b 



0.0012 g 



cm j 



f 1000 g^ 


f 1L 1 


U.21bJ 


^1000 cm 3 J 



= 758L 



(18-5.1) 



.eAiill (j-alji. (j-o jAj c [L M ] jA oJbtJj cl$jalj£ L-Jj1L> jgi SjLa] V ^^C^ill jJ^aJI Lai 

. 833.3 cm 3 /g <^jL"y 25°C j-JI ^ tl ^ >ill <»^l j 



g±>d f. I j* AiUs 8.1 Jliail 

(jjC.jlj tLaa-a AaaII ,j 2.7 4 im'n (jj^jjlij j tLaa-a 4aa]I ,j 95.32 4 nnii (j_jjj£ll Ij i u£l 
4 j in 1 1 'lun'sl Jjlj tl *■>■-». AlxJI 0.13 4 (jja .Xlj cLa^a. <la]| 1,6 Ajjoiij 

AlaJI J 0.14 II i_i]hjj .Laa^a. 4iall 0.03 Aimii *Laj tLaa^a 4lall ^3 0.08 

2i\j£j ti! j^. (jjla .30 g/mol cjjL^j cr^j <^j^- UJJ <-S^ *— jlill qa ^jj-a <j^ ajLIoII 

(_pajVl l-i ■ i ll Jajyuj 0 jl ja. 4a. Ait 1.22 g/L (^jLuij ^1 (_>iajVI Jc. f.1 _agJI 

15 °C csjL^j 



• 1 atm (_5 jLuy <_5 ja. Ui ■ >! Ajtj 



kj i all (j* Ailia-a l_j Jjk J] jl ■» i '-■^"i j-JJ-<JI J (J^jVI ( _ s ic. (j-uiljall jl Jl I jlaj :<JaJl 
tliliLo 1-la.lj (Jail J . jJJJjLuila jilLaa (JLaxioAj jjjlxll 4jjlLa Lille c'ijl^ajl "LajJj 

j* JlaJj J j-a <liaj ^ill jjaJI <_iLaiaJ (14 _ 5.1 5JjU-all) JUall jlill (J- 43 "^ 

^ l-i i ii _all (^iljaJI jjjll Jax-all ^tJJ-all «l jA l_JJajJ Jc tjLaJC.1 L-luiaj j .^cjj-all Jt jlxll 

.4jMja L_sLua. *l j$11 tiSlil 

jl — 58 C (_£ jLaij ^cj_}a1I ^Jam tj^ 1 - *■! jiuiVI ^ 1^' "_all ojl_)^JI ^-^J^ (jl J^ij 

cjllall jlill (jjjUl lijjj .0.01 atm t^jl-y JtkjaJI lie (jjlkall iaiuJall jl j t 215.15 K 

I jji. ^tJ^all gJajoi s.1 _a^JI (j^i ii.lj]l JjaII (JlaJ 



y = 



(1 mol) 



82.057 



3 * A 

cm .atm 
mol.K 



(215.15 K) 



0.01 atm 



1L 



v 1000 cm j 
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= 1765.5 L = 1770 L 

M avg = * C0 2 M C0 2 + * N 2 M N 2 + * Ar M Ar + * 0 2 M 0 2 

+ x C0 M co +x H20 M + x others M others 
= 43.5- 8 



mol 

.llulS! ^Ij] ^jaj (jjjll 1.1a. C-JJjii ^JJ^ll ja. ^jajl (jjjll (jl iaa.V 

cli] .^cjj-all ja. A^ullc. JiaJ (jjJJ^l lu^l gjlj jV c^lij _j c44 g/mol ^ jLuy t^ill (j_«J^ 

ol* '1170 L <ua^. Ijja. Ji=^j 43.5 g oji t> ^jl' J <_^i ' J^J 

m = 43 J 5g =0()246 g 
V 1770 L L 

^- ; ■ <3J -iLuC-VI li& (jl V) t*da«jJa ^^Acj 4jjlja. ^a.jJ t5 it iojxj jlill (jl jXJa ■ a 

(jc LalaJ AiiLoixi 4jjLJI jl AjL-all Jll j-all gl j] ti ■ iL all j JjLJI JjjjUI ^ 1.1a. liutj-a 

(specific gravity SG) 4JLaj3l J^Vu.n 111 .sj jaJI <a.j.i ^« !>Ula jjiS j Jai^all 

Si-all a+ju SjLJ Ajt j .aIjUI J ^LLall i jj| 3JU. <ilj£ll jjj*j11 

:Cil.ia. j (_jA j c p re ^. 2_ixa.j^ ojLa Jl p 

SG = -^- (19-5.1) 

Pref 

4 C 4-a.J-lll -l^ S-Lall 4jL*all j aIjLluII A j^ill 4jxa.^a ojLa Uj-L —j' Itj^ SjLa JJ^I (jl 

.1.000 g/ cm 4jalii£ (_£ jLojj ^ill 
j ^.Lill jLkjj 4(JjLu (jSji Jc. i aijlSll] Jjli jlaj jp^j (jl 

AaxJI J 0.8 (J^jVI <_s^ AjJajoi jl! «.La]l jli-J 4 luij jLoij .lilli ^^Ic. (Jlio jji. s-l _j^JI 

^ 0.03 LSjljoij tLall (jji c^tjj-all Lai .Ala\\ ^ 4 ^jl^. (Jj-^J (j' O^JJ 'Laaja. 
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saturation ^xuull ^ik^ Ji jja. J t *L« j *l ja 3-a jkul humidity Ajjla Jl ^ik^a-a 

.JjLlu j jlc. (jx ja.1 ^jj^jj J Jc Jjj 

A iaat i ia jlaj cs"^" Jj'^JJ ^* AJaiuJa (_£jLuyj 7^ AjjIj^ (_£jLuij I jlc. jl (j^ajjal 

j^aj (_£^ll ajaC-Vl La» ■ all £JiLall jlajll iaa ■ ^ 1 ■ . ^jAaII ojlaj ■ aj J jiJI 
LaAic. hJIiaII (Jjfui Jc. .'ijl^^JI 4^.jA Jc. ci_jLwa (JjLji JjjS °^JJ j' ~- jll 

SjljaJI -lie j kj > lillj .lie. Ala^. j^^all s-Lall J£ J ""-J teLallj Uutm jl a A\ 

(relative AjauuII Sjjajlj (relative saturation -Sr) <^***il! jjAill eijxij 

: jL L ijij humidity - H R ) 

S R =H R = 10(A (20-5.1) 

"i 

elall jlajl Jjv?^ iaijJall (j! 4iai1 J 40 U jl-iLa (_£ jLuy jll 4 nmill AjjLjII J»J 
AjjlaJI Jnir'li in <LaaJI ojl^ji. lie Alall J 40 jLii 

Jc- -laitJ (jl JJ I Jijj .j» _jxxll Jl ■> fra j^ll (jjillall Jl Cll^ij J ojlc. Ajiuilll 
ja.LuJI «-l_agJI jli < \; lajll Jj .Sjl^jaJI J^ ^ ' AaJxj AjJiujll AjJaJI jli 4oJ_)aJI 

V 'AjLij 1 itta ^tJJ-ail ja. (jl Jl IJaJJ . J jLil! *l j$JI qa eLall jla-J J-aa. Jc. jjal 

(ja <la]| J 0.03 <_£ jLluJ 4_Laa^. Aluij (Ji-aJ c-Lal! jlaJ (jl jya ■ a . s-Lall (j-a (Jjlflll V] (J^J 
100 (^jLiaii 4 <jjiajj LaLaJ ^jnin iAi^aS/l j CjtljVI a J to _ja. (jl VI ijjjJI «■! jA 

(molal Ajlij^il AjjJaJI j (molal saturation) (5m) <jt^>*S jjAUI <-»j«jj 

: jL Laj humidity) (H M ) 

S M =H M =^ (21-5.1) 

jUJI OV j-a <j!3 ycl\ AjjLjII j Jl jJI ^ jLaJ .AiaaJI J Jill kiuJall jA P LaJ 

La. jjka AjKII jlxll ClV j-a ' aUJI jlill tllV j-a (_5jLuijj I alaJI jlill ClV j-a Jc. <-a_ajoia 
^jAuiill ^ inn II i_j^jxjj .(<jjajl 4JLa. J s-LallJ jaLajAVI ^>\ya a ja jlall SjLall CjV Lj-Lo 

I Jlj LaJ //p Ajjlall Ajiuiill Ajja^lj (_S 
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S =H P =100^ = 100 P (22-5.1) 
S M P, 

p-p; 

.4la\\ (J 100 gr^J-* £f»*i J* S M (jl LaJ 
.(C jlc. Jjia / j (jj^al AjI j-all AauuSI jl J^^aJI laj i Sail L-lL n-s I i ^ J 

AjjIsj 9.1 Jli»K 

I^A j 0.3 jaj (_£jLuii s-Lall __)l-aj (jx aa a ( _ s it jjj^all _ja. (_gjia_] :4jLm a 

. —58 °C (_£ jUjij ^^jll laj a j]l AaJajj ojl^ja. Aa.jJ ,j 100 1 » j « oeljA <J*aj 

?£JjJI *UI jlaJ JjaJI jA la (S) 

<ila3l jlaj 3a» ' <a t 15 C (_J J^"" (jll ^ " _jll (J^J^ ejl ja, 4a.jJ -lie (s-l) 

.Ait £tJ=Lu: ^it stall jlajl JjaJI la» ■ all jA La .12.79 mmHg ^Jiinall 

?AsJ ^ 90 csjLui jll lil 15 °C 

:JaJ 

4 j., .ill jl IjlaJj .0.01 atm (J jLuU jj>»ll Jc (_SjaJ kijJall jl UAjui liljjl (I) 

,_le stall jl a jl Aj] j^JI 4 j i n ill (jli tAj] j-all Ajjlall Alii nj ^ISj jlil <LLaa_aJI Ajjlall 
*U1I jlaJ JJaJI -ki^l jjSj |j>l .(^31 ^3 0.03) 0.0003 c5jL^ ^JjJI 

P Hi0 = x H2 o,v P = (0.0003)(0.01 atm) = 3xl0~ 6 atm 

:22 _ 5.1 ALU-all s-iiijj (^j) 



P - PJ 100 \p - p. 



100 - p. 



1 + 



H p ( P* 



100 \p - p.* 
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A-aiiLo Cjl.la Jl (JxaJ JjjaJ (_i«lc. (JLucLujLjj ill] ."Laja-o (C ja H U» , ^-11 j Z// 5 j 

'.^g jUjiJ tJ-^jVI Jc- 15 °C 4-a.J-^ ^1*1 all jlaJI la* ■ (jl ^7- *' 4lllUI maJi 



P; o = 12.79 mmHg 



1 atm 



760 mmHg 



= 0.0168 atm 



IjjLljLutl t_yaj)l\ ja. (J eLall jl a j <LJ j-oll 4 j in ill j (J_}aJI Laj i a31 j 



90 



P = 

^ H,0 



100 



0.0168 atm 
v latm-0.0168atm y 



(1 atm) 



1 + 



90 



100 



x 



0.0168 atm 
1 atm -0.0 168 atm 

^ H ,o 0.0152 atm 



= 0.0152 atm 



H,0,v 



1 atm 



= 0.0152 



(^ill c*SI j (jc. Sj-a 5000 t> J&lj Jsl jj-i><JI ja. <J *La]l jUJ JjaJ kit-Jail (jl JaaV 

j-al C(_J^)a.l SjJJ^ (J^l jC <Jj 44jIjA oJja. <Jj £e-i_)a]I ^Jajm ojl^ja. 4-a.jJ (J jaiiill (jl 
.(jLuiiVI (j-o /jl lajj . .iN 1 ^Ljla ^j^all (J» aj <LoJaLa]l 4 al» a oLia. Ajjj L$J^ 



juj^JI ^! u,Ujfl 3.3.5.1 

j ^gjll (J^iljxll (j-o jjja <L«J 4£cjj^1I J] (Jjj^JI <Ja.j 4(ji>j'VI (j^i ^^Vl (j<« U^j 
dll j jl A^i jJxaII AJliill J jxLo j] j] 4 jyj-all Jl JaVl <L_ji=i CiilaJ kllaaall jja. 1$jS Jaill 
4»L iaall ,Ja 4 (jj jiLoLaJI Jc I Jjj£ I Jaa. (Ji«J ' . lal J^l (JJJ j<mll *ljjl 4jjj5Lia]I 4_aji]l 
-J^**'*' JJ*J J) iS-^Ji I^Aj 4Ula ja^Sllj (_}J Jl (jjj (jjLj^jaill j»Jl]l ia« i ia ^J^J ^Jj^iljJ 
jl J) I Jaij .(_J ja.Vl AjjjLuiS/I f t ■ a&Vl j ■ ■ llflll j (J [^jj Cj-laj j ' - ■ oa II (J Jj| jjuill 

^- j ■ aj j - 1 ■ '—°ll (J s-UJI sAa s-Ajj 1 (_paiajj I -1 SaatJI (Jj taj J«Jj ijjj' ^Ijaul 

AaXa ojjjj^a AjjJaLjJI (jjjLiill (J*aj La li& j 4<ll£ll ^Ijbtjl t_SjJa (J ' °» ■ '—I i "'^ ■ iaatjl j 

Jo .Aj-iaialo 1^)3 aJI£1I 4_aj3 ^)JC JjoJI (jja. sjl i^i (JjclLa (_5ja.VI ^aJI ^Jaj ^jj^ 



53 



AjjIjII 2Jl£]| S j3 £_« Ala) jia Ajj^JI AjCjVI j ■ ; llSlI <La jlaia jl J] I jlaj c Jllall (Jjfui 
Ajj-aJI AjC. jVli ' - i M iffS ^J'J^J ' " ^ ^ J ^ ^ a^- i all "Uliill ' ■ Uj^J (jl (j^aJ tjj^ajVI 

La I^A j I ' ■ lliJI Jl ^.lll ejlc^ j alifill j JAajII ^^Ic lgjj.}La j Igj j3 -Saij aJUjIL) 2 Eaa all JJC. 
2Jtii]l L_ij^)la ^ c-lilll oAa ClJUa LaK j - ■ "7- II (j-o t _ g liuill slja.Vl ^ ^ ^ 

• [10 '4] t-Sxj-al Ajj^JI ojjJI <La jlala dia-lnal tAAja i all 



l^jji] "LuU" Aj£jj-aVl (jljikllj gL^all tiililij cAjjj^JI AjjJu^II ^ liljjji. ^^Ic ^Uj 

(JjclLa jo 4_a^.Li]l "1 i aaJ j 4j ^-s ^.11 ^Jala all ' "'■all ^cLuii Lallaj - a i aJ 

^ajota. lfr$A.I JJ ^jjll (J^ULall Ajjlx^i V jl liLlc. Ill .^tJj-a]l ^1 jaAjioi s-liil 4ilxj_all AJlidll 

.lilli ^- 1 ■ iaflll AiijL 'iXa pL^aS «.Uul (jLajVI 

111 .«Lias]l ^>JC. (JjJ^' jiuJI s-Liil Ij.'^" (jjlill J&i Aji£ JjlaJj '^Ir. c<1Luia!I sjlA ^ 

IAjjVI jaJialLall jjjlaxjjoba ^ j-Ja J-allj <L^a till j (_i«l jt AjtjJaJ LjA (jiallLai 

S jail 
UJJ 1 ' 

2LLai£ii asllii 

(Ol jUll) -ki^all 
Jaxll 

SjSj t4.li inJaja a j^$£ll o jail ' ' * ll aJa aa II (jjj (Jtlidll JlAaj (_£j£ll (j^i ^1 _jjl AjtJjl 4_aJ 
AJliiill o j3 £-a (J«l »*'<..! IjlA A ila i all o jail j tttAjAuill Ajjjjll ojall j 

.L^Vl 

t_j^a Jj^iU. ( LMt -2 U^xj ^1) F S jail jLuj 4<£ jail ^jljll ^ jjj ^jjla ^ s.Lu 
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F=ma (23-5.1) 

AjjfUl SjJjllI j (kg) (Jjc. jlj£ll j (g) (.1 jiil Al&ll CjljLs. j (jj ilLLo. oljjSj LJ laSjj 

2_b J j t (N = kg.m/s 2 ) lPj^I Sjall (>j .(ton) o^'j (lb m ) 

a^I SjgU J J^V .(lb f =32.174 lb m .ft/s 2 ) ^Lffill SjgU j c(dyne = g.cm/s 2 ) 

.(jjilii-o jjjjjLjjja (jjjjilo (jL-aij (jUslii-a (jtjAi. j LaA (lbf) Ajliill o_>±illlj (lb m ) 
l_g jLujj <_£^ll) 4 j i >i jV I "Uliill ^ jLojj i llfi j (_£ ^ jLoij ft i '— all jljj ^ ■ J 

.(3.72 m/s 2 J 0.38 # </) c> f^j* ^ (g = 9.81 m/s 2 = 32.174 ft/s 2 

Jill l«j Jll SjSlI jli 111 

Jt IgJ (JJi^J Jill tdli (j-a _J» ' ■31 jtJ^all Jt (j-ai^ill l^J _)*->jn Jill oj£ll (jl Jj I Jajj 
i<J laJj jll "Uliill a jii - 1 II (jjj <_£ jL^J J^ (JSI ^tjj-all Jc. (jU «(_>3jVI 

(_^ill) g jaJI Ja jLJI ^jLuj j m j ( LMt 2 jA o^xj (_$ill) W' ^jqiaJI jjj jjj <£>Ljtll j 

j^a (Lt 2 jA oJxj 

W=mg (24-5.1) 

(jc ^>1xj .(jjjclxjji (jjjl^la (jlijSj lilj jLuij tlulj AJliillj tojS jA (jjjll 

(j^ajVI gJajj jA Lh^aL^jI (jV I *^..<«'< CjjIjIIj (jjjlh _>^1 JajSjoill ^jLuij CIijIjj (jjjll 

jl (_£jiall -I lajll (jm ri o jill dll-la. j (Jjj^j (_J^lc Jc. <SV .ill ULia.1 g c (J «»"u uJ j .^ilJS 

V^jJI 

^g.m 32 174 lbm.ft 

S e =^^ = L (25-5.1) 

IN llb f 

(J-alc j_j (jjj 4j| J^ii (jil ctllV jlx-oll j A-l ■ all J ^Jjil ' ■ uS J g c j-"^ (J «»"u n j 

.((_s) jj^lall J 4 ni^ll cSJ^VI ij-aljxll (jLul AjUi tjjj^j 

(jl la j c24 — 5.1 Ajjll_x-all Jl aatlmU . j ^»l jC.jL£ ^ jLojj tJ^ajVI Jc. Lajaii. 
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W = mg = 1 lb n 



32.174 



V 



ft 

s 2 j 



s 2 .lb f 



v 32.174 lb. ft , 



= llb f 



: Ju L» Jjs J ("'Q^ 



(26-5.1) 



Ajlij ojiji lSjIjoij Aaj^ajV "Uliill Jj aaj oA^lj AjliS ojjJ 4jli£ ^"Q jjj (jl clij 

(_g jLij lb m aJjIII SjjjII ajj^xJI jl Jj I Jaij t jLkjjJI k;ti J j 

* 2jj\j]| j aJj£ s^a. j J jVl (jj 1 <jJ^ J' -^j j' 'lbf SjjjII ajjaxJI 

Clll^j La^Jj (jljalii-a (jljjjljjja (jllj al a LaA (Jj C(jjj3l£!la LoJ (jjj^ J ^ j '(jjj S^a.j 
La I jAi . J jc. jLHI j <JJ jjjll jJJ AjjU-a]l£ Ajjj^ll SjJjBI j AjEjll 'sjJjllI <jJJ <ljU-all j .Aillk-a 

La$J Sh<tl j (jjjll j .1 <_£ jLjj g c S 4j.j.jx]I A ajfljl jV c^jlall ^Uaill J 1 kaJI IjlA Jx-aaj 

~> L-ull J g 1 AjJ^xII A-ajSlI (_£jLjj g c 1 AjJ^xll 4-ajall j! Jj Ijiai tji] .ojjlaia 

,aJj£J1 Sjjjillj aJI^II o jjoIII Qii (JjjajU jjM £c (J****^ 1 ^ 



ju^lj ^Ji\ Jc aUjft 10.1 Jid 

- 1 ■ '— 3 .jjl j] ^tjjxill j (J^ajVI Jc. Sjjjjllj jjjjjUj (jjjll (— iuia.1 :4JLuid 

.(MfcSjgl 154) j^70 
Jc :J*JI 

W =m^ =(70kg)[^9.81^j = 687^^ = 687 N 
'l000# 



W = mg =(70 kg) 



lkg 



9.81- 



V 100 cm 



v lm J 



W = 6.87xl0 7 ^^ = 6.87 xlO 7 dyne 

llb f 



W =mg =(l541b m ) 



32.174 



7j 



32.174 



v 



lb m -ft 

s 2 J 



154 lb f 



S 
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(jillUJI J Cjl^a. jll jl ^-uij V IjlA jl Vj 4Aj1j£ SjjJ 154 jLaij 4j1& j c2jffi ojjj] 154 



W =mg =(70kg) 



m 



3.72— 

* J 



= 260 



kgm 



= 260 N 



= 2.60xl0 7 dynes = 58.4 lb f 



(> jjxS JSa> ^jjyaaJI j t> potential energy (£/>) AjaUall ^12 j -M^ j^W 

» >>) Igjjl JJ J (jC- A-ajhla <La.l jl j- jl t^jm-Jajil ^jjfr^II (JSaJI jl Jliill (JiaJI (J^ 

(joule) (J) JjaJ 4*1^11 <>j c[L 2 Mt _2 ]jA AiUJI .(315- o-jU 

(British Thermal Unit) AailkijJI J jaJI s^jllj c(calorie) (cal) ej) jkil j 

•.aIAjlAVi m Aj1j£ ajotaJ Ai-alill 3iUall JAaJJ .(BTU) 

E p =mgz (27-5.1) 

. I ' ^ ^g l > '1*1 L^jlj 1 UC 1 



*LaS 4j£>» <^ iUlifl AiUall 11.1 Jlidl 

J] 600 V'ft< A^LjaS 4j£ i^L aj cJplLVI j- jl jJ 7 J*J Ajl (j^jjal lAjtuw 

ojl^Lo ^lijjl 

VjplLYI j- jl Jp 7 J*J IgJ ^11 <Lal£]l AiLkll (jjijj IgJ (jjSj <— S jtJJ^JI 

i__aj*j ^t-n ,_^j1uia1I Aj£j-all j« L_l]js]l ■ ■ & j£]l J.'"'»J t (JULoll liA J :<J^I 

I^jLaij JplkVl j- jl jj 7 AialUI ASUall j .IjL-a ^jLjJ L^jL Aiolill AaUall 



£ P = m^z = (600 kg) 



9.81 



m 



(545 ft) 



1 m 

v 3.28ft y 



= 9.78xl0 5 J 
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Z _^ JL _. 9.78x10 s J 



mg 



(600 kg) 



f 



3.72— 

s 2 y 



^ 3.28 ft A 
V lm J 



: Z 27-5.1 IHmA 



= 1440 ft 



j]| <Lol£]| AiUall (jj»Sj 5j£j-all oAjc (_£^ll jtJJ-«J' giajqi (jC. ^lijjVI i JJ-o jA La£ 

J] I jJijj .ftill s^UJI J) ajjouIL Sa^JaS l jA (absolute pressure) jjlkaJI LL^I jl 

I jl^Lo jj'uj jgj i.^ 4jjaJI dll jjilLall jCj £- L -< a J" 4 ^ (j 1 - J'"' ■ " * ^"'N J^li la» i all li& jl 

*Uatl 

^li Mil) JsLuallj .Uiuj jl tlilLui UaauJa 4i^a jj <Ja*j J U^" 0 ^ aa-i^a Lai .4iiL-cJI 

^LuaVI ^ ^ ai«JI Jai^a ju jjill jA (relative (gauge) pressure) (o-^') 

jjj ASLxJIj i^Jjouli » al l (J^Jii lai . ^il l (jjLS Cjljjl jl . l-ij^ «\ \ jaJ ]aij_aj 

I^^A ^ \ i nlll iaij^allj J^i-iall 

^jA U^ll + U.-JI = jlkJI ii^l (28-5.1) 

(psig) S-la. _jll t Jlj-oll Jju.i Jc j! Ailk^ Up! Jc. UlrJ kj i CjIa=. j t-ijxj j 

pound/in 2 absolute(psia) s^jll ji jja> J tUwi IkLJa jLu pound/in 2 guage 

(Jjlil JajuJa jA 70 miTlHg jLuJ (_$ill (jjjll J ^1 Jai^a j .liikx, 1 ^-it l ^ JlaJ 

L_lia. jLuuVI fJja. J f-JI ^'^J 'U^J^' (jr^ J -830 miTlHg oJjLo lilkxi Uai^a 

laj i all ^jJJ ^^Ji^kii c4Jlij]l ' " Ua tljJaill J j .j».ill Sail ■ a -<-aJ lilj 

- ■ "7- II J JjI ^JjJj Ajj^JI ojjJI J 4 li . a (Jjclia Jl LjJj^i 

Jc t(jl in'iVI AiijajluiJ (_5^1l J^-!l (jji cAjjia^)]! j sjl^aJI oAi^ji ' Lb all ^Ljl fljudjaiUj 

cljlj .^jotaJI j* ^Lallj Sjl^aJI I Xaluua cLilajj IjSljl *Ij^JI ^- J ■ aJ c^aillj L_sjVI _>JC jjl uiUmVI 
(jc ^a.Ull AiUall jjSi (heat) S Jja-!l J .(J^nll plfil Sjlja. JL^ Jc <SUa ^jqiaJI JaL 

1^)3 (JxC AjjIjI jl 2 ajU'i.I Ajla.UI <S1 jail s^Li^ sjljaJI ijl at'iml (j^-oJ A • la ajl^aw 
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. [L 2 Mt 3 ] J [L 2 Mt~ 2 ] LaA Q Sj jaJI J^oj Q S J jaJ l^4j 
Ia*Jj .(\VOrk) 5L»fr Sjl J^JI ^J-^ ZL-}^ pLuijJj j.l.^a ^1 (je ^lill <SUa3l (JSAj ^j-aj^J 

AAjilliJI s jill j ioi^l .[L 2 Mr 3 ]j [L 2 Mr 2 ]LaA W cWll Jj*-, WJa*JI 

J (J-a*J - 1 ■ '— all jljj ^IjS Ait j .!>Lae a1 jj jll 2<j^ A\ (_£j£11 4 £ "I ^ , inJajat ajj$£ll J'°^ II j 
^ - tljY Ljj jlAJJ jll o jail (jjSj c^tJJ-all Jc- jl (.\ • jaill 

J' aslj .lilLiA sjJJ^ Lai uaj liljaj (j! (j^J AijiiJI OLtiAll jji i L yajj\ Jc. Lgjuij A^-oll 
AxalA3 tSJjjia 'iAo 4-J Im (_pa j^. J (jjilaill jA (J^ajV! Jc. oAft 4jjjfLlall aJISjII AjjjI el SLa^a 
Jc. tCi^LwaxJI j -1 LaaJI (jc- (jjjll (Ja-s f ' ■ "*- (Jjlij JJj Aia.1 jl *Lall J (jjiAiai.jl 

.3Jtajll ^lAxjl <lLa. J J. La jljc. 

(jlluiaJI J IftAiJ - 1 ■ '-'II jl jjj (j^Ai^-all Jc. jll ClIjLucVI jL-aiiJj 1 j ujSLi Ail 

(j^i JJJ^ 3 7- 11 » a ' ■ '7-"' . J^^VI ' . 1^ J^ll Jj (JjSluiall J (jl uJ^l jim tllLilSxV -» "-'J**' 
(WjJall <1Uj1I j tj ja ua ^ lj oLall Jl jliiaVI iSAjjJI Aliill (jiilall) £J>all Jt <_ij Jill 
<3jj (Jjl^ * ' "*"' J 1 " (jjl""*^ pLJaVl J CiJ'" ^'fi J 'J^^ LS^y^i ijLWjluil (Jja^J Ajij 

.O^lall dlHl J^Vl ALjL 

^LLaJI Jaj 4.3.5.1 

JU.AL) AjiraJI ClU jU.^VI 4jaJU-a (jlLal J Jiill pLalxll Iaj ijjjJixll jjall OLyjjIui J 
^Jj-al 4 1 990 ^C- J j . 1 " i in jjjill 4 ^-1 ■ u CllLilaJI (Jij (J^^A 3 L>° f ' "?• ^ J ^J*J^*J ' "'^ 
jliLaLiA (jjjjjjAVl JjC. 3jaJU^l AjjL J 2jLj oIj2 OSjUu Lairi. 1*31 j ^IjjS^I lift 

Jl 4iltj AAta. JLaxlml ^ji^' a^JU^II i_ajj«j ^ _P j -(adenosine deaminase) 
deoxyribonucleic (Uj) in<Vl (j-ajaia csjjj tj^-a^.) ljjjj c>=^- J JLaxi^l 
jl ^1 j-aVl <aJU-al (ribonucleic acid RNA (Uj) ^jjj <j^»a. jl acid DNA 

(j^i J-"ilj ' »JJa J ^ ^ A^JLlaII 4j£-a-a CjlajjJaj Jj djja all dlljjaj CjjLilj .L^jjA 
(j^al j-aVlj ' ; llSlI (j^al j-al j Jlill A£.liall jj aSj jc\ j (jUajjjJI LjAa j ttllLlI JuJaVI 

(JSjj <iija ALajj Jc. Aal»j LjA,Laj (jl Vj toAtl j AjjjaJI *LaJl» all (jl ^_a j t(j^l Aj±i ^>»H 

.c-iAgJI <}kJI JJ ^1*11 2Lu,J| 
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jA j t(cystic fibrosis) ^inftfl ^^j^] ^LLill Luja jSjj jl AaiiaJ <=Jlx^ll (jlaj 

JJC. jaj ( _ s Jt ^ mj£]l ' LllSI ^'^ij-a Ajji. j-ajJ • (j^^ <^ ^J.Vuiirfi ' fllj Jl 

4jjj| CjI jl jil ^^jV (jia _pUI ^jlallj eLall (jjj (jjl jjll ^^Ic Sail ■>■* AjjLic. oljii (jij jjj ^Ja ■ a 
(j^uJa Alalxll ija II cAjjiall ' ■ Ijl aJjll ajl ■ iaJl ^aJjIj^JI Iti'j (_£ jiaj ^^1 ^ Ja ■ all 

(j-aj-ia jl t—ij^l t _ s ^ jiaaj ^j^Ia (J^ala-o dlljiaS (j- 4 *-* 3 Lai cP 3 ^^)**^ " ■ "7- ^1 (J^^Jj (JjijjjS 
(jjjjj ^.^i^all (jV dlSjll £_a ( _ s jaLiljJ AijjJaJI o^J oAiLall JjC-lLaJI (jl V] Jj.Vi*. .<* <LaLaC. 

■ "J^" 1 S-llill (j^a^a »* ^jlill t4jjjaJI Aajlai all (jli 1 jj| ojlA ^C-J JJj"J ' " 'I ^ 1 -** * 

J] kfl3 ' i';' ^jjll j LJla. sj3 jlajl tllla^Lsdl (j^i o«li£ jj£I Labile j3 jj (jl (j^-aJ cojjia. ^ 

'(HELIOS Gene Gun) o^jJa jljL cjLbaJI ^axa :Ua cjLbaJI Jij Jjjljia j> lu^u 

.(electroporation) LuLj^s; dlaL^! 

oik j 1 > >i j^ILj AjUxII (J-?- 0 cs^J '4j-aJ.il£lj CjVLa a ^ (jjjjjaJI /jj.,. ^ ^11 (Ja*j 

(j^i s.I£jjoi ^-a (Jj 1 iaSI (jJJjJaJI (jiuiAj^-aJI ^a qaA 4^ilc.lij 1 -l] Ljj CjVLa all 

(jl lillltj .^jj-^aj-all ^-a t5 i^-J '(jiJj'^jj CSJ^ 1 ' dlL^L-aJavl (^ji (jiuiAi^-aj jjj^.lj^.j cULl 

o^A .lillia iiljl£^>jai L^J V ■ ial j a ,j ^ _ajJa_jJ jaJ^Sj ^jJc IjJila 

lilj .<jJaJj-a] <-a«.!)La ClllllaJI (JSj Jjjl^}Ia JJ^I ^jA La LaLaJ I—SJXJ V ' ■ U±L £a (Jx«J dljl 

Ltt^la JS L_llliLaj Lll j\aJ 

(jjlaxjjoba 1 " ll jja j| Jail (jljiijia]l jjljlA l^jjl Ajluii ^^ill ^Lijjill ^JaLall I^A ^ ^jiiljjjai 

:4iiVI jaJAliaJI 

AjikU ^UaJlj A^j=JI 4SLUI • 
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CAjjaJI jax» ;2.1 J£*ill 
Bio-Rad Laboratories 



AiLaw (j* UjjSj ^ jy^j J ^jk. ^ J (DNA & RNA) uyjj^' j^a^JlS 'Ajjjc- 

jljj Jc. La» i all (jjai •((^-° 2 — 1 ' Jj-aaJ jl ^Jamll ^j-a L£iLi. 10 — 5 Jjii. (jaiJ-i) ^ J,.'' 
jj-uj^il! Qlj II j 4 /j i'i , i-t n jl v—iAi dll ajm-^ Saa i iall 4 ■ iaja La ^3^1* ^ ■ iaJJ t 'i '.V'' c^iXajl 

' » Iqjlj ■< all unill S^iiLus 

' " ^ ^ tAj ^Lai^ll 4ilala]l (jjjj_aj]l (jj ■ '-* H ' Ajlia-a]l i "'I alua SI (JLijY 

a^U. ja (linear momentum) ^^laaJI fijfl oj • ^ Sjsj I^JU-jV cs^ - 

([LMt ] oA*j) p ^JaaJl ^jll (J^SJ .A-a_aJalall jl - j' ak II LixS ( i aJ Ajxjoijj 

IWt a*l'< i y Ajc-^uj l_ijj^3 tJjualaj 4 -j^'-l 

p=mv (29-5.1) 
^feifl ljLua 12.1 Jlltfl 

Ac^uij ' - '1 jja ^iXa (j-a jij DNA JLi ^,1^-" i_lA j *J"'V^ ^ Saa II j»=>.jll i Jm-sl IAJLuls 

100 —j J^yj ijjjlia 2 (^i*]l L_AiB .<c.LjJI Jj^ 1100/ 

i_iAjJI La! . 6 x 10~ 18 g l5 j^ 5 Smj^ W 1 " c£ (plasmid) ^-a>ij 

. 19.3 g/cm 3 jl^la 

aJj£JI t _ma>l .AjCjjoij Aijx^i V jl Lult nilj^la ^jaia. («V (c^* H f^-j^' :<Ja^l 

:SUax-a]l L_lAi]l AilfiS (Jl aiMniUj oj^J ^ImaJI tj/'"*.' 
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m gold Pgold^sold P 



gold gold 



'gold 



-%r~ 



19.3 g 

V cm 3 ; 



(lum) 



' 1 W 

1 cm 



10 4 (am 



= 8.09x10" g 



J J 



<1&]| Jc. Jj. aaJ L_iAill ^4- ^ J] (-^J^W 100) JJ-J^yi *^=> -^S t-iU^jj 

I^SaJI (j* (j^'J ^ill fj'"? ^ ^jKII 

=8.09x10 " g + 100(6xl0- 18 g) = 8.09xl0" g 

i_lAill j»!uA 4jjlla 4la$-a Lilll *!Ua Al& jl 

I J llll ija II £3.1a (j-o (jBalajl i 1ft 111 - j i ok ^ laatJ 

p=mv= (8.09x10"" g) 



1kg 


f 1 100 f miles " 


( lhr ^ 


f 1609.34 m^ 


llOOOgJ 


I hr J 


^3600 s y 


v 1 mile 



= 3.98xl0-"f 1 ^ 



(jl Jl j ' " ll ■ II qa jla 0.5 3 Je. ' " ll ija II £3.1a ^j-a AillalaJl Aii^)ll (_£ 

(jx AilkiaJI CP '8.09X10"" g jLjj fj.n> (J£J 

. 2.4x10"* z kg.m/s j^j J] ^^Kll ^jll jjjj La Ij&j <j4"4 uy^-° 6 lsjLjj 
(jJaJI ^j«Jlj ajjI jjj a£ jaJI j] (angular momentum) ls jlJJI f^Jil J^xiajj 

£-a L-lml jjJ Ajxjjjjj <it aba jAj .ojjxaaIIj Aijliill ( _ s jJI (J,'^"' <Jj tejljjll ^Luia.Vl (Jc- 
Z> cs"^ 3 *^ .<JaSi (J ^a. Ajjl jjJ A^^)^ Jl ^ . ; - 1 "-^ (_jl Jc (_yJaJJj <Lajlaiajl 

' flj^a jjj iJaiJI AjuJa ^LujJ ^^cbujill ^jLilL ^ i n-^ jl -j ■ aa j ( [L?Mt '] (_g^l) 

ji VI tbjlj La^j .illlaJ DNA —lb 4-jlkJ OLalA (jl .i^Vl ^L^ Jji-J 

l - ^ 113 SI ^j^a (_UiC *LiajS -*«1 o^jli jj£I Lg_ai.j (Jl i ill 

i "'1 laaj £3.1a J 4 1*hm infill ( _lA 111 i " ll a\ i A J aaJj t4£jaJLaII ^Luia.VI jl JC. ^^ic. j 

Ujlajj miVI a£j^JI lillij toJia-a (kinetic energy) E K <£j*. AiUa 

Jxill 4J (^tLi jl^La ^ Aj£jaJI AiUall .(ojlc. (J^ajVI ) La ^jJt^-J^ jUal Jl A^illj 

Jl 
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E K =—mv 
K 2 



(30-5.1) 



f lkg 1 


7 1100 miles ^ 


( lhr ^ 


f 1609.34 mV 


llOOOgJ 


V V hr J 


^3600s y 


v 1 mile J y 



AjS jaJ AiUall ljIua 13.1 Jlidl 
.cjLua. ^iia (j« (jllala DNA !Lj Al <£jaJI AilkH L_ba^l :4Jtui« 

Aaa&I V Ajl 4 ^ JjjLuJI (JUall jgjJI CllLjaljaaVI (_>uij JaiMinl 

jAj , 8.09 xlO" gcsjl^ DNA -JL ^IkJI i_*iH ^ *1£ .12.1 Jllall t> :JaJI 

**,'"'?• ^ AjSjaJ! AiUall (_5jLuij .Ac-LuJI ^3 Ja« 1 100 (S jLuij Ac-jajij (ya 

v 1 2 
£, „ = — mv 

K 2 
= |(8.09xl0" g) 

= 9.78xl0~ 9 J 

.J ja. 0.0587 S^a. j Aiij as jiLJ CjLuj^JI ajKII AjSjaJI Aalkll ^ jLuj j 
Ajjill (jj-ij Ajjillj AjLjaJI CiliLkll ^ j-aa-o ^ (internal energy t/) ^jIIIjI! fallal! j 

CliMclijll (jtj i dll Jj ja 13 Ajjl jjA^lj AjjljjJI A^jaJI (jc A^aiill AiUall j a ■ laJJ j ioJlLoll 
AiUallj .dlUjjai] Ajjill (jj-lj 4jjJI Clllj j^rfill (Jeliijj a£j^. (jc j < 1 » jjj A^i,,.jU'ii * jjg^N 
Aijx-a j coj^Lba AjlaJJI AiLkll qJjS jLaJ V . [L, 2 Mt~ 2 ] o-l«-J ^j-aLo. J^lo gJa AjlkUl 
Aaliall (JjiIj5 (j^-aJ V ' JIUI J.!,'"' ^Je .Lpljjij Vj .IpaJ (j^aJ V j iAilla-all l^laJ3 

I CljS jj lil AjLaa. (jLaj Aji Vj taj^A-La llllyaJI CAjjaA\ UJa. Ajla.U 

.4 J' aiit ,J AjJajjx^ll CjIjJVI JLixioAj AjlaJJI Aalkll Cj| jjij t-jLuia. jLaJ .AjM£]I 

^Jlij^l jUII o^J^ J^ 1 cs* (electrical energy E E ) VWj^I j 

AiUall dllia. jj J*j (jajj A] j ^olm jl^La ^ AjjIjj^£1I AiLkll ,jj .5 J - (j3ia jj 

(j-al jiJI j> s^a.j aJjSII J jc. Jc. (Electric charge ^) ^uLj^ilt 3 Wuiflj 

jLoij .(colomb C) jjlj^l ^ l^JAi. jj t[tl]j$i A l', >*\l Axj Lai .aJLui jl Aja.j-a 
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6.24xlO l8 u^ 

4 la ujSI (JUa-oj 4 la ujll L_lSLuj jjjj^SVI (jl ^^^^J^ A ^ ^V"?" jA tjj^J^^J 

.^bl jli iiulj ja liAj cjjl j£ 96485 (j jl^y jjj^V' i> ^1 j <Jj^ 
(jUja. J^a-xu jaaiij iCiUaJill 5£ja. (electric current I) <jiLjf£il jUUI Jl^j 

jjxoYI ^jA 4j.ia.jj jA oaxjj i^^uLJ ^LjjjS JJ*A« jA jLiiSI J AjjI .'Jg^^ AiajoJI 

tSljaj (jja-j .^Lij^lll jlill] <xjLill ^1 (j^wj 5.1 Jj^l (ja.^inj .(1 A = l C/s) 

(potential V j>»^l <jj2 SjSjiJ A la Saaj AiUa Jlaj tjnlnVi (JJJ Ci la , nil 

sic jj£j t [L 2 Mt" 3 r'] ja »o«ij t(voltage) ^Wj^' AjjJjil) J\ difference) 

.VcJjiSU 

4jla II s-Lic. JJC (jj^S jjj aJ jj CJ ic. liixj Clliia. Jii jA LuLj^S CjLaLufa a JI jl 

^ ja-iill (j^i Ajjajji-o <La.jjj\« dlljjJa qa 4jj£a1I cL^ilajl Au"ah\ lillloj Ifrji AjjaJI (Jla.j) Ajxj 
(jljja.1 dllijaJI jjjS ^jku.n V IaSj t^Loi (jj^ Jjji c(pllOSpholipids) <Jjji^jill 
4<a.jla. ^1 ( _ s -aJI » ■ SI (Ja.lj (jl^l *ljui cLijIjj^ CjLoLulaSI ^j3j .L£/LaJI ^jLa. ja Aj^ir-VI 

SI (j^-oJ laA j AjlaJI J (jSLuJI eLiiJI Ajdl j3 ^jai^Ur-aS AjIIc. 4jjSj3 '"'^ ■ (J «»"u aJ 

.CjliiaJI Jaj J^aaj jl (jl^j lillajj tAjlaJI J ja.j jxi DNA 
4ja.j« LaAaa.1 4 la "< ijjjjljjg^ (jjjJaS (jjj UMaJI ^j^ajj cIjjLjj^£ CllLaLobaSI s.lja.V 
i " ^ja 1 j u a&I I j;f- AjjIj 4 i ] 1 jj j ■ ^jLj j j-a^ (Jj j3 3 ll jj 4, ut ) c 4 ill i j ^jlliSI 4 * <J ^ uj j 
tlg_ilc (jj«^ l3_>^ 3.'.'^**' ^^JJ^SI AiajoJI (jja. ( _ J ic. I^jj, Via (_^l cAjlaJI Ajtjoi jjl^J (jfi^i 

o^uAua (charge) q 5ia-i2| j (capacitance) C ^u-JI jj .l$S j^-jj U> liAj 

:V (jj-<^SI (jj^ 4 Saml jj Liiaa 

<?=Cv (31-5.1) 
• C/V ^jLoy ^iSI (Farad) i jUlb sic ^j » [L _2 M _1 t 4 T 2 ] ja a*^) a=4j 

JI Ijiij j .Ajijij jjjjl »1 uiirll ^- j i aj tejjj aS Sis J!Aa. ' -1 j L i iaj AjlaJI ^ i ajj (Jxaj Loajc 
4 la uj| ^j^-oj! jaj eiLjaJI DNA —SI ^J^J cAjIL.! 2jaJu jja im DNA —II ji 

1 " il .i ji (JcUjILj I jj3 I ail i _ua I^J3 JjjJ AjlaJI (J^-A) ^ Lo laA j c<ja.j-all 

.(adenosine triphosphate ATP) oJjjj^Vl 

UaJI Aju- 14.1 Jlltfl 
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A ia utll (jja. (j^y Ajjjiuijill aaa uJI jj-a <La.j.}_jxi dlliila (j^i L£/LaJI 4 l.nr.l (jj£jj '. 4jLul4 
70 (_5 jLj^y "UiaJI s-Uic- _)JC (jj-a^]l (JjjS (jlS lili .Ajujj Cjlj 4A&a IajLjjC.1 (j^aj lilj t Ljj2 
J QjaJ <_S"^ ^ja_uall L-imaJ 4£j^aJI jlajjloiil AaJ j il jl 3 j jfLj a s-LiiJI Ajuj Clul£ j cdll jijli-a 

(sill 2JaJ *Lic. 

< U. J jJaill IgJ Sj£j AjlaJI (JAaJ J*J AjuoJI j SjaJill jjj AJuAjJI JaiJ J^kuj : JaJ 

•4"i^l , jLuij ^ill S j£]l ^JamJ s-Uixll UjJjaJ ( _ s j1I Aiiaiajl (JAaJ (j^-aJ lillijj 

47ir 2 = 4ti (7.5 urn) 2 = 706.85 fxm 2 - 707 mn 2 

:Jc 31-5.1 2Ji*JI 



g =Cv = 



1 

v cm 

/ 
V 



1(707 urn 2 ) 



1 cm 



10 4 (im 



0.000495 xlO" 6 — mV 
V 



(70 mV) = 0.0004949 jaF.mV 
V 



10 3 mV 



:4.95xl0" 13 C 



S-ajill jl ^p^a .jjljS 4.95X10 13 AJaJI >Uic J 4jjja-a]l Sjauill (_£ jLuj ttil 

t 4 ij, „-> ,.11 3 ia uill 'ijLSI liJj jill SjUil (jl VI c<Ua.j^i 2 j j^a all 3 ia uilj 2 j^ajgia all 

.Luli uia Ig-ile ^jjll Ajxa.j^ll "UlaJI Jc 



biS i aJ cLijIj_)^£ CjLiLuiaII j i 111 IiaJI l$ia j cAjjIj Jyill <Jla..lY1 (Jjl jia Jl 2jl . ^il 

J3j Ajij 4i3ja "II AjjjaJI 4_jjLlaj£3l j AjjLjjjjll - ■ aa II ClLJI (j^i (_£ja.VI ClLiiaJI (J&j (jjjl jia 
jll OLu jjjsII 2JaLj _JJ £jliiaj Jaj ^ij^a ls*> (Jjl jiall t*Hj cS-^jj .IjuJUJI Ji.b Jl ■ - 'I lia II 
La Ullc. j ia^II dAjjaJI (j<u^ 1 g» >>i jj AjlaJI ^Lic. AjjaJI (J^iaJ 1 " ll in JJJSII (J «»"u aJ 

lilj .UMaJI J] ",_5j^x]l Jail" 2j.jiU.II SjjjU'II (jjj jjill <-_uuij 2Jlc. JSj]| S^U£ (jjS 

a jAjaW • " 'I IjJ ^J_>jaJI ijiill (jj^aj (j£^il < Jjajll ^LaiiiVI *L£I Aajujjjjill Cll!ilaLjll 
CllbLjaa (jJjSj jJala-o (Jc. (_J jjaju La LJlc.j 2j]lx. Ajjj jjjill Cll!>lalj]l (jl V) • J ' ^ B .' 



[11] 



CjLuaJI Jaj Jiluij .LllLuaJI Jail (lipOSOme) <5aLjll tllX^iJjaJI ^ja.! 2ijjJa J JxxlaG j 
^aaJJ (Jtlidll JJ Aja. j-aj Aj]Lj i"tl "i^ i 2j ,^.^11 ' " 'I aj ■ aa II ^jji 2JaU]| <L aJja II 4 Ul , a jj 
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AjLujj ' ■ j 4 ia ujll < ■ ill ■ oil DNA 11 j (3 ujll 4ja. j^JI) ' " ' "*,'J* > - M ^ Jjl 

^jixLU (jgl £jlaluij l^jji cLl^UJI Au%r.\ £a (_g Jjjjll DNA SI J "USUI! ■ - ' aJja II 

aI^jlu j 3 ■ —j^ j j c4 (J^iljc. ill* ujl <Uiilill '"'^ ' ^jj^ll (jl Jl ' al i .4 jiar-VI 

jjjjijjlall (jJjL^J jjjJajll (j-o A)j\a (jjSajl i "<■>■ J J LJla. (jjJj-ja II /jj... iig *>11 (jnnit'n 



(jljlA (jjS Jl Ail Jala .LuLj^ CjLoLoia]! ^ia j cliliiaJI ^iAa Ljlj^ 1 . V. m L - '.J^' 

lAA j ' < _ S ^JI - ■ "a II £jla.j (JajA LjjaJ (jl (j^-«J I a^ ili ' JJ- jaajll ( Aj aj (jjik^aja.j (jjilljall 
4 'j» a <ajaia JJ L^J^jij 4jj_jill (_paL<ia.V I J IjAll (j^i (j£ Jl Clllilail j^ulia (Jjj (j-o (j^-aJ La 
jAxll jlala-a ' ■ ''T-" 1 ; La^-jLal (j^i A; jj Ia&j 44_Luijjjill (Jal^oill jjiajjlall (jJjl-& ,j (J<iT*ii in V 
ja J "Ljjjill (_)iaLaa.VI I '«■>* jjjjLjiall (jl lillj Jl ' il ■ <aJ .AjjjaJI ^LjiaVl (jj£j J 

^,;Wi,.nj .(mitotic and nonmitotic) Jjlaiall jjc j Jjlaiall ^jlaJ ^L^VI Cili LiUJI 

(jl ' " UJ Aal iAjjlLalljj .ojjxla Ajltlij ^-la (_T>la. jjju i 111 iia (Jsj (jjiiaj ' " ll i}a II £3Aa 

Jljjjall Jaill (jiiijjJall <jiilA ji VI -lU^JI lH 3 *^ J (J** oLaLa-aJI 

(jl ^tJa ■ a .Cx^SlZlh (jljjiajj 
CjLoLouJI ptut j .^juiaJI (Ja.b l^jl VI tojLub JJC. JjS Jl jlaj RNA —II j DNA 

Oljlla jl 'IjJJ^ a (jlS jl '4jja ClLiajill lil AjlaJI lIijaj (jl (j^-aj tLuljj^£ 

. <a \ \ j 1^ djLi^a ul l 

l^-la tlfrJaJl* a i ■ l^J AjlLiJI Ajlijll AjjAiA ^3 ' aauJa Jalij A-aj3 t Ala j Aa. Jl 
*J^*'*' J 'lS^^VI (JSill *^*'J AauijjjsII (Jal_aill ~< " ■ j 4^LojaVI ^ ■ >i j-a II Jl 4 jja II Aj^jj 

.4jc.lia3l Jsill kiia , iOLiiiJl 

lilt (j^ .Ajjlilll L-iUjauL^a3l lillj (jc 2jxAl Aj£iLi.VI L_ul >?Jlj AL^alall CjUjaj^aJI JSj V j 
i jui ill Jc. AjaUI ' ■ Ijl aall J a ll la II CjLaJbi all jl (jja. (jLoVI ui<i dlUja i all 

^Lo^Lu: j 4 a i aj ijjJaj^JLj l^J V dlLajui QlLuajl AjiiaJI <aJUi all (JLaxiuil (jt CllVjL^ijj 

C Lalatll j (j^x>jAi^-all j aJ ■ u 1 (jl L_laj 111 .<aJLn-all AiKj j t4jjjai all dljljlkVI J Clljl jjaJI 
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' " la A\ Ajll J' aJ (jl J (jjJC. jj (_ja1I (_jAa]l J jJaill J La j-at jj* *?■ II J jl^)^! ^lii-a j 
Aj^>jiJI i "'I lla.ll (Jij ^»A9j Jc Ac-Lay (jl (j^aJ (.Sj^l J J Jjf ^ i '^) - > J ^^ '"'1 ija II (Jii 

. Jpla.YI J (_£.}Iia]I (_pajl«JJ V LaJj (jLaLl ">AjI j3 (jjSaJ ' 

&£j]t jaJl jfrL-w 5.3.5.1 

AjjAj Aa.1 ja. ClI jJj AiU Jl j AJLjall sAjAJill ( _ i -iill £_a aI^aII AaJjaJI llsUja.1 JxiUjj 
dlLmlLaJI Jia-a J dlL^^a. Cllls-I ^)a.YI t_Uj ■ ■ lUagj j .^jj^a a (_DLa. jj-a l$j]l JailLij 

AaJ^ja. AjlaC. J .Aj^JiJI (_)JjaJI A-aJaiaJ AiaJJ^aJI Cjl jLj-aJL] oJjAa_a ^^A, j tAjj jj£j-a]l 
(JjlAj (Jc- aA&LujJ ^l^jaAl Aj^»-aJ d^j^aj-a (JJJtll <J p^aj-a^a ^jj^-a ^ a " ^SjJ t^j;!*}! AjaAjjj 
i ■ Uj-aJ (jl (j^aj pi aa.Vl laj aj (jV t<J^Jjuill g-jn'i ^-a AIaSI Jit (_LiLtJ (jjflajj AaJjaJI Cjljjl 
-J*' -""'^ » lailajl _J','^.'J A J.'"'^ * A9 j .^^^utll Jl (_£-^JJ 1 aj i " lj^>j_a CllLiLaxll oA4 (J 

J-al j*ll Ji (Johns Hopkins Microsurgery Advanced Design Lab) AjLaAll Aa.1 jaJI 

Ajoila. Jl jlHaVlj « Alii dUljajl j ClliUjjl ^-A AjSLulll AjaJjaJI OULaxJI frljaV SAjlall 
.''^ tly*il JlJ? AjSLijail] JJ-ail AiiajJall ajjj^aW j < Aj< i.'ti g jm'i j <a.l^)aJI dlljjl (jjj (jji-alll 

AaJjaJI AcLuia ^jjfLjjA 3^_? a ' J."'*' " L?^ ' " la jll Ax.^aa a dljja cJjjall oA4 AaJlx^J 

ajjj (> Sj3jla]l oLajlxJI jLaj Aja.lja. slJ jA j ^(Microsurgical Assistant) AiiaJI 

• AAaJI (j-aj^a 1 3 iaj j l^Jt-b <ajpj <— ll _j JlV I (J jljj Jt ^1 jaJI oj^La Ajjjj Aja.ljaJI AjLutll 

(Information OLa j]*-a]L 4 ll n-> nil Aa.1 jaJI ^Uaj :<i)3^]l Aa.1 jaJI JcL^a jUjSj jLaliaj A^ij 

(SteadyHand Augmentation jJI J jSi^l £ij j j>Uaj j ^Enhanced Surgery System) 

e^lc oj3 jla (jj&S V Ajj aja uS dlLa jlx-a CliLajlx-allj <jlua_a]l <a.l jaJI ^Uaj ^aaj .System) 
j Aj^JjuJI daj (Jll AjjJI j ojl^jaJI A\a.jJj jaJI Jjajj LllVA«-a l^laj t^l j^- H 
1 'u'.."'^^ cl>*^ (J AjaLja'yi dlLajla-all sJA j3 jjj .AjjjaJI A^iKj«ti jj^al j 
c(3.1 JLill) JjII JJluJ S^Lij ^Uaj Lai .IjjS AcLul j Aja.ljaJI JlJI JjJai! Jj^aj ^IjaJI 
Aja. jj Jt OljiiU C ljaJI i ia jp A3J sjLi^] Ajj_jJjj Aj-aia (_Lixiujj3 

UjirtjS I j3 j-a cCjlilajjVI (>a AjllaJI Cljl£jaJI ptja-Li Ajoiij (JjSjll J 4Aa.ljaJI ohV ^IjaJI 
Ajjj jj"'^* (j» ^l^jaJI (j^aJ (jll A-a£-a]l (_jjixil]| A-uila ^l^*j| Jl IJaij .(Ja.Vl -iJ^-a IjiLai-a 
(_)jil_aa. (jc (_pa j*j -I lajj Csyijjl\ -ijj -iSS c^l^)aJI Aj ^j-a Cj_aJj^)]l (JLaxiail (JJa. <La.l_)aJI 

ClllSjaJI p|j| (j^i ^l^)aJI AjII jljiLjjl e^Ljj -I iaj Igj ' '« i aJJ ^^jll t " ll ^. .-il j-all oiis (j^-aJ .(JjiaIII 
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.U.i*.j jLujVI Jjj 5 ■< - -N lilt (j-o Ai^j Aj^Ij^JI 

^j" li^ * ciilli-aj Jjj 's-^jj^J B aJajJ J iili3jx_<i Jl l_)Iijj .AiiS.}]! <^I_)^JI 

Jjalj (Jix-a (JjAjSI Clljjj^)!! 3 a a j; I a£-jls cCjLlo jjl jiJI ^ j; J ijxxll (jjjja J f 1 ^ 

.A \'a<\ - . II 4 -s , !■ 'ii ^ ; Wi . A i_g'^\ Ia» ■ iail jl^Laj ^-Jl 

<jlj 4o.li.la. dlljLj-o jjaj Jc. Ij-llii (jj^J (jl ^ i iaJl lililc- "'Jj^H J liljLaull 
(Jj-al jjll (jl i^jlc t4.a "j;^; Ajtjoil j o^jii. liliJ lj] tAJLaJI o^A J j .(jj_)i.VI 

Jl AjaU^aj ■ ■ laj Laj ^ j.^i^j A-a!ilc.l ^ a ■ '— I j 4j_ja.l j AJljail lillj-aj ^1 am] ^jJaiaij 

.^c-alj^JI 



j»Lkill (jLoj .SiAllI AaJjaJI JeLuiJ ,-jljJI (jjLall jAj tAjll jljsluil SjLlj flki :3.1 JLuJI 

.4^.1^)^51 AjLuJI cLiil Ai^llj jljiL^VI '—LWJJ Jl " t "' ' "I t>« ^lj?^ 



IAjjVI jaJAlLoll (jjLutluui 4<ULuia]I oi& A a 11 » ttj I UU-^, (jjjal c^JaLall I.1A J 
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.ejLo A£^a. (j a ■ '— '(jJ*JI Ajj^iJI AjC. A-ajIaia Ig-La j c<Luijj.1a]I .IVtti ^ j/'^ 

i 

ajjIj jya a^U. J5j Liua j] (flow rate) jjfiliJl Jj*-aj (rate) Jj*-» jUik^all J^xloij 

'ijLall (jijj (J^a_a (jC JJJ*jl' (j^aJj .o^lc (Jjla-aSI JJ*i« _>°J (Jjj^ AJaSill . (j^i oAa 

^^^l Jjiiill J^a j i[Nt _1 ] n tjajol! Jjx* J ^[Mr 1 ] m 

c^j^llj ^Vi^fl J}3.ii]l J-^*- 0 OH (Jjj^'ill ojLall (jjj^^^ (jjj^ (Jn^'iiinj . [L, 3 t '] V 

• ^i? aJI J ^gJll^SI (jijjll J^-a (jjj (Jj_aajll lfrjaU& (JaiMinij 

cA ^1 > <1 jxll (_g J^- all ^Jala 4 -\1 ma 1 . 'J' {S * (J^- 1 ^ ^ H (jj&Sill (J-l*-a L-lul^J 

:[Lt '] Uj*j ^211 v <JjU t[L 2 ] ^ill 

V =Av (32-5.1) 

V =-D 2 v (33-5.1) 
4 

. [L] o-ixjj J^all jA Z) (j] 

: [I7 3 M] U^xi ^1 p JjU Aili£s V u>= J^U jA m ^JjSII Jisill Jj*- j 
m=Vp = Avp (34-5.1) 

:[MN -1 ]^ ^1 
n=^- (35-5.1) 

2ilj£ jl 1 jlaj j . 8.5xl0 -9 mL/s j^j ls j^y s- 1 *- j "Sjj-^ ^ l3^^ 

ijju^o (JjS Jja^i Jjlil jjSlall ^a-^^ll ^Joi! (Jja-a jU 1 1.056 g/mL c5 jLuj ^1 

^jLjajt ( *Jala <a.L^a <1 ^1 jU,,.t ^Ui ^ j-a fix. j]| ^laj Ijj Ajj t9.0xl0~ 9 g/s 

.^Ljajxll ^JaLJI tSlli ajjIj JS j> 9.0 xlO -9 g J 8.5xl0 -9 mLo\k ijj*- 
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VAt Ajj-a^ll AjC. jVI (j (Aj^sJI Jjajjll ClV-la-a 2 1 (jSJoll ClV.i*-a (jJjS 

(laser Doppler velocimeter) lsjjjM lAp* • I i> ^ JU*iaL 

"LiCjVl 3< j-^* ^ti i 111 ->ja. all jjc. ^UjoJ i_alja_jVI 4-ajii \; (jja-iill (J^a-o 

Ajj] jill (Jja-uii] AjjIj^£ j3 (JjiIjLo ^ . iUJaj« a JJ* 1 ^ (Jjajjll (joiLiLa (J^atAuiJj .AjjxiJllI 
j-aJI *lc _a!l J ^Jl (jji-^J (J-ia-a £-a <--luil <_£^ J (jyJ^^)^ yj..'. ^ (j£ ""-^ . Jfi*^ 
4^J j' all (Jj3 (3^Jj11 a! jS a jA ^Jjll (J^a-o .Sj.laj3 __)i.l jlfra .^LojaVI ^ j-a 

JjjS ^A^J^ Q al « j ^ ■ illaja a jj^H ^SJjll al jS a jj-aij pl^aa II j».JI Ij^la. (jc. qjSxjj 4^.ja j 
(jSJjll (j^i (j£ (Jj^jaiLj j-aJI tic- _jll Jl AalaJl (jjJ qa ^Jl (jSJij (J-ia^i (J-aLiiJ J 



<^»JI 4^ tf jS ^"L^l jLa cjVjjw 15.1 JUJI 

AjLaaJI (Jj3 4j5Lj "'II ±mj (jc dlLajla-a CjLa _jlx-a]\j 4 li aa all <a.l_)aJI -I Saj £-aaj I^JLuia 
.^jSjxll AjfujjJI (jLlJJJ (J ^l J '<ll j ^ aaaj (jSJoll ^Ja-a <— bj*J .UpljSlj AjfLJal] AjaJjaJI 
4£.jx>Li Viluii P-JaJJ (JSJjj ^jll (jlj 4^1a 0.3 (_£ a ^Jai ^1 jjaml <_1 jjjl (jlj^jjaJI (jl (_pajjal 

.Ajjliill J 25 <_£jLuii 



Av 



4 



— (0.3 mm) 

4 V Is 



1 cm 



3 A 



v 10 3 mm ; j 



1 mL 



cm' 



0.00177 



:JaJ 

mL 



m =Vp = 



0.00177 mL 



1.056 g 
mL 



= 0.00187 



J 



Aj^JjoJI gAmj ^jic iaa ■ '—II j a jfill (j-a jl^La (JiA 3 ^ L>° ^'^>^' jl jo* i "I e^Uj -I iaj (j^-aj 

JaLuallj .(jLujVI <^^pJI ^LiJ (jc ^aJj ^jjll AjjVl j^-^ j La 11a j tSij ^£1 
^1 iA Aa.LuJI Jl c[LMt" 2 ]U^»i Jll lF SjSI 4 [L _1 Mt" 2 ]M jS 

P=— (36-5.1) 
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pound/square (psi)j lb f /in 2 j dyne/cm 2 j N/m 2 aajUJI U i.^W j-oj 
N/m 2 ylSj cPa JILaL ^jiA ^Ikd! ^ Ui > > , \ \ U .inch 

jl ojiLo Jc. 1 , ^ jl <jL^a ^1 Ajjlc. j»l aIjLji cSjLi <_$V (j^j .kg/(ni-s ) jl 

Jc. d j' all ( _ s iliuJ £-kla]l liA J j iCjIjlxll 4j.1jj ^ill ■ ajl ILiLji Luiiilj -Sal .(_Jji.l 

(J^aatluil Ijlj .'ijiku-all Alii CjjJjj (JMi. (j^i lajuJallj <^.Luia1Ij ejill 

j i m*1 (J^J \ $ \\' (jjiLajll ^ iaj " "L^Luixi (jli 'a_)jj (J^ *l-^ ^l^?^l jl J _^jJ' 

A^.l^iJI CjI jjl iaj ■ a L«l .^jIa j»^-Li]l la» i all (jj^Ls c4jjx-o a j3 (J»,l (j-aj -l-^ AlAja 

clilj '_>J^I (jjjLaJ ' " 'I ■«■ ^ ■ ^ jjjj3 cbjjj£ ^ jja i a CIiL^Luiaj i ° i aS j JajL^LaJI AAJiii (^ill 

4*1 jaJI £if jJ> 16.1 Jlidl 

ijLalj es.ti£j 1 » 11 a«Auil (jjxjlaiuij al^VI j w ; I j i ^a-i (jl (jj^lj^JI ^^ic. :4jLuw 

ajill (j_J^J (jl ■ cLj^jSj 4 1 ajVl (j-aal (JrfUMm'i dllj-lVI (J aau La ,j j 1 la a s-'^^?-] 

(_jill u.i ill dlaj £ii ^^jll djlajJall tlisl ' ■ uaj Ajxj (j£l . Fq * u* a a j3 (j^i __>j£I IajJ jj (_jj]l 
dll jUi. (jjiaLl . Pq ajl-lLa la» 1 ia ( _ s ic ^Jajoi ^1 ^^it Lit ■ all Ajjj VI ' . '7-,' t4juaS iSJ^i 
.(jLali L^JLajLkul 4j£aJ ^1 abVl 

Ala. j3l JJxIaII I P Q j FqQ* cJ^ j/' 1 la a (jJJ-ajS Ait j t36 — 5.1 Ajjllx-all fLu :JaJI 

;(jiaj (jl t ■ lau (^l A "L^LabaJI jA j^JI 



^0 



CjIjjVLi AjsjV i^cl '.'7-; 111 .(^jj^ajjj SUU-.,,.^ 2 alia, „ Jl^l Cili a 

(^ja«j V Ui.,iiti (_jLuaJI liA (jl iaa.V .^1 J^JI Jl I g aJ j <a.Luixll jLvx^i (jSau (_jjll 

(j"'l 7' - Laj 1 aj| ^l^iJI (3ila IjJ V] a_j^j-a]l 

Ca^^a ija JJJJ ji AajSJI jaJI JcLoLa (Jjj5 (j<a OljjV (jLaxll (j-a 
f I laabVl (Jj - (. aJjA^ (Jjjl_)ia jjjjall 'luijj (jj. a 1^ all jiLalj .^^jJa^aJI (jLalj Aj^l^)iJI 
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' «t ■ iaJ .Lunula. <Lo jCAaII till jjg-ajll (Jjj5 (j^i tllljlii jlSljl Jila. (j- 4 ^J^J^ tljULmjl ^ji 
.Ig-iS _ja. j-all (JSlAxJI ' "3^3 AJlaJI till jj^ajll 4jj la (JLia.1 jJjJaJ (j^-oJ AjI lillj ^1 

jliiaj j tlAja "j;^ j o^^VI -J*" t*l]j ,j l_jxALaiJ (jl (jjjjjaJI QJu a li^ all 

(J^iLi 4(JliLall (Jjfui < _ s ^ •oAiA^ tllUjjJaJ ^-o aJja.j^i]l till aall <Lo«.l j^ij till ajll 

t^LaJ <aJjaJI 

Sja-ia II j i_iiVlj (jiVl j (_5jiill J j-axll j Aiii^ll Ajj^JI AjCjVl j t_lL .acVl <La.l ja. tllllnlaJ 
tlll£jaJI (jc (j^ajxj (jl 4jj _JJj^)il till jjfrajlj tl£-«J tajSjla jl^al j;;^-"' j AjllaJI -Uiti ^jAmaJja 
t Ifria _)ixi V ^^jll 4jj _jJj^)1I till joxJI I jJj (jl jALall ^l^)aJI o_)jaJ iAiLJI JJC. Aj_)jaall 

.4^_aAj j AaJ^ja. Jjjiaj] 




bjj^i titf!>Li 6.3.5.1 

ojAaII LjjjiiLia Cj^^Lui jaLuij l_a t-Ux^L^JI S j^VI t>5 ic till j-^^ j ' J ^j^ ^xj 
oh (Zambezi) c?jf»'j <^ '<^VXill lilli .(4.1 JLill) 

(JU iViVlj lilliA j-iluii l_i_jjai .UL^al ^ Ajjjla. Ajj« uJI <ja.Lluill ^51 j-a]l jj£I ij_g _jjlxojjj 
• AJaIoII AJXJikll S jAlkll si* AiLk <_£UtU tlAjHJ JJaii I jj3 I^jj t-jj^j c^Lakll liljlasL 
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AaUall Jjx-a • 

(jajj j) • 

^^A j t jlo 100 ^ lamjll l^clijjl ^iiij I jlo 1700 j^-j LjjjJ^jS ClV^/Li (J^J^ 

500 

VI . !/IjIa Laij *L»1I (jl (J*^ li/kj « (jj ' Jy-a^ J-a^i Jl 4Al3^]l jj s-Lojl (j^i jlll (jjjl« 

j l .i ^ (jlj^a. jA (_Jj t4 'j» " ^c^jjoij ii!^pjj ^f.Loll jj^i <jL_a A » laSj <j, ^.a'<^ (jjy] (J^/LoJI (jl 

av,<\ 

^ill m J&ll Jbut c^ilill tjc ^Ull c p (^JaaJI j»ij2l Jj*-« c£ j^y 

jll (<Hill J) v t[Mt _1 ] jA oAxj (^illj aJj£1I lilt aj lilj^jj 

:[Lt '] jA U^i 

/? = mv (37-5.1) 

Jl AiL^al aaUjI 

.<jjJI j aAW\ sjijlll j (jj jjjll AjuLil! ajI^.1 j (j-a j • [LMtT 2 ] jA ^jl! ^4 uj •^tl" 

A*J (jl .Aiakj (Jji. JjAj jxuia. i_Li-aj] L (£jljll ^J2I Jj*«9 J«»"uiij 1 p jljC- J^J 



• dyne-cm j lb f -ft j N-m<*jUJI ^jIj^I j (>j c[L z Mt 2 ] ja ^jljll ^jll J. 



^j3l Jjju. 17.1 Jli»2t 

Aiaa-l (^ill JaiJI ^j]l <J Ji.Jj ^ill (N J kg-Hl/V J Ijjla) Jjlx^ll i.u.i^l I^Sluw 

J <ili<JI 'La jialall UjjjSjS Cj^^Ja jlHol JJC. (JXllI jlala J (jSJlall «.L«JI 

(_Pa^ial .(JiuiVl J (j;' aj| jaaII Jl t-i^V?JI Ail^. (j^i Ij^. Ua jloi Jaiuy (^ill s-Lallj 5.1 J*^ ' nil 
. jtlol 10 1 (jlj ijla 1700 jA (Jjlill S-Lall ojlloi O^JC- ij 1 
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100 pi 




\ v \ 



1700 m 




.Ljj^a :5.1 JiAfl 



e U <1& JiJS Uk J) JiU ^iaaJI ^jll jiUjV :JaJ 

r^lSSJI (jail]! Jj*- jUjV lg/cm 3 Jau^ ^ im 5 /s S^.jll J) ^ Jisill 



m =Vp = 



500xl0 6 L 



6 T V1 n„V 1000cm 



min 



l-0g 
v cm 3 1 L 



3 A 



J V 



1 min 
60s 



1kg 
1000 g 



= 8.33x10' 



6 kg 



tjllxil 10 Aj^ajC-j jlo 1700 <1 jia (j<a U'al , A eLall ajtij 111 

I J^JLUI ^JaLa A^.Lu-a LlljlS 

A=/w = (1700m) (10m) = 17 000m 2 



^8.33xl0 3 m A 



v = - = ^- 



17000 m 2 



= 0.490 



m 



p = mv 



8.33xl0 6 kg 



V 



0.490 m 



4.08x10 



6 kg.m 
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(J^a £_a I— Lull 2 a (J^x-aj <j£j^JI AiiUall i4j-«.Ti t4laaJI ^JaaJI pi.^ j'^)^ CS"^" J 

A£iUi3 A^jtla AjSjsJI AiUall J-lx-aj 4j£jaJI AiLkll jjj a£sUJI j .stall Atj^j (JSJjB 
lil Sh<» Sj^l^ ptkj Aj^jaJI ^Ua2l Jjfca jjC JJJajll jjLaJ .4L»_a j pi.jll (JJJ 

4j£j^JI AlLkll Jliijjl Jjbt^i Jacl 4 V 4-uijtaJLa <C jjj j m (JSJJ J^*-a <! JjLa liljaJ 

AA^t « [L 2 MtT 3 ] ^411 jj 4 E K 
E K =^mv 2 (38-5.1) 

pUaill ,j 4lia.jj ■ „ <ilm jljLa jA 4j£j^JI AiLkll Jjlx^ c4j£j^JI AaUall jljfc Jc. j 
tjajl Aitkll J.}** t-Sj*Jj . J/sAjjIjII J J jaJI J '(watt) (W) Jaljll ^ c^jiall 

.(power) S jJill jl 4c.UaIu.VL 

AjS jaj &Ual! Jj*« 18.1 Jlii» 

JJC stall jjSi (jc 3-aa.lill <-a jlaiall Aj£j^JI AiLkll 4j JijS <cill Jjxxll L-LuiaJ :4jlui« 

Ujjj£j3 C^2"%!x Jlljial 

c8.33xl0 6 kg/ScSjt^ jitf J^a, JiSj stall J 17.1 JISJ J U^j :JaJ 

:tjjj£ia oVXi Jc! J 0.490m/s ^ jtoG kc j^j 



p 1 . 2 1 

c p- = — mv = — 

* 2 2 



8.33xl0 6 kg 



6 ' " V() - 49()m l2 =i.0xl0 6 - = 1.0x10" W 



J 

s 



IjjUj j !>U.Ju j 4jjljjg£ll Aalkllj 4_LalSLll 2iLkll jLaJ cAjSjaJ Aitkll jljc. Jc. j 
Aijx^i ta Ij^lj t st iaflll (j A^lj £3j-a (Ji.1 (j-a 4 S3 ij a S^ta (jiilj-a^-a "Lajlaia 

JjLu lilj^Jj tajja. Ai-al£ll AaUall J.l*-a jjxj jA - ^ all (j^l .Aj-aA I Cjli E p ^lalill Aitkll Jjx-a 
:<3jIxx31j <Lal£3l <SUall JJXJ J.l*-a ^ k«J . JXill AJU. ^3 ta£ i ja] Jl £-lijjl (j* pi 117. jl 

Ep,2-Ep* =rh S i z 2-Z1) (39-5.1) 

^IjojVI jJcliijVI Jt jVJj 2j 1 (jiLjbll j i^IsjjVI y>> Zj 'AHaIII CijIj jA ^ jl taj 
^_pj jl jiala (Ja.Jj (jl <jj\j^S1I A iiKII SSI jail (jS-aJ .ptajA^I ^ji^ija ojtall ^jl £J1$\ j 
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jliill c_JJJ-a J i al a J £ £ 4jjLj$£]| 4jjUall JjJLa <_ Sjxj ./ jliill <fil Jail Jjaju JjuoaJ IfrLa 

Jjut^i j AiLkll Jjut^i ljt*j Lai . jliill lillj <Ue jj ^jJI (AjjI jill) AjC. jill AaaISII AiUalU 

.-USjaJI Allkll Jj*J ^1 tlitil ^ U^lj^jj AjjUjjSII 4aUJI 



f 8.33xl0 6 




f9.81m^ 


I s 


J 




-8.17xl0 9 


W 





U«l£ll 42Uall j#u Jj*« 19.1 JUaJI 

ClV!/Ujj cs^-' (j-" 4-ljUjJI *U»1I ejtLui Ja jjA (jJi. <LolSll AiUall jjju Jjix-o 1 -LuiaJ :4jluM 

: jl« 100 j^i JXill J J jki :JaJ 

p p • f \ ( 8.33xl0 6 kg Y 9.81m ^ n ... > 
E p,2~ E p,i =m g \z 2~Z\) = 2 — (0m-100m) 

= -8.17xl0 9 - 

s 

jl . <vLJI ia jjA «UjI 4^1 jJaioll jj-a 4_L<ilSll AiLkll (^W 3 ) g_JJ*- CS^ ^jIUjiII ojUii)/! (jju 
4jlij SjjLL J CjIjjLL 51aU. 80 Jujjil i-jlS 1 ..' J j"'*^ Cl^Xi ^ AaaISII 4iLLll jjij Jjuix 
^ ^ jS Jul jC. Jua jj jj iAujlLallu .cluj^SlI Jul jj\l AiUall oiA (JiUujJ jS^jj iAiUalU 
(> ^jill JLuill Alki. Jjjjj c7Xl0 9 W ijJUJI <ji *Uj$£ll jjj^, jjSI lLiIIj jAj ((jJaiilj 

. [13] *Uj«S1U Sj^I oUY jll 

SjjaJI ^1"' j^Jc AJuIa Sj3 Jll jJ cUjjjSjS Cj^^Lui oJltU JuC jaaII ^li s-Lall ^IjUaj-al jus. 
^jJajji oj3 Jjjilaj jua. I ^**» 1 '— (JjIjjjJI Jilji tAuL all ^1 m-^VI jljC ( _ s ic.J -UjS lafl i ^^lill 

AjLa. ^3 LaS c4Jul& jjSj (jl <Sij{LaII (Jj| jjjJI jC. - a JJ ^^ull L j« ■ all jS^jj 4 la " Aa.Lui« (_£J 

Jjaju (jja. j . J5LS1I Jiuil SliSlI ^IL p^Ui A\ ^ (XA qa XkA^W JjJ jjjia 500 II 

I a lie, j .ajJC (JSjjj c5-JI *^ jll (jl jA?> (^Ic- UaajJa (JjLluII Jll jj t(_g j-^- a jl L_l _ajjl ^>JC- (JjLoi 

(jjljlaj JjI jjoiII iajT.^i (jAilSi .(hydrostatic) LujLui LIjLui UaLua jJjj cUSLii JjLJI jjfLi 

'(manometer jlajjLall AJlloj) (JjLJI Jj-aC. <LjJaj tjj^ll JJ ajatll Aijla 1 j csJuJC 
Aa^a (JjI_ojlu1I IaJiI jj ^^lill jail j Ja j» ■ all J.n»*'j .(^Axi (Jlxij^l (JjiJjILo) AjjLjj^II (JjI jiall j 

.^jll JaliaJl A^iljJ 

Jul jjl jLgjVl ^ Aiaalall sLlsII AiUa J^t'ihI ^^lo (jJJjli US c4 u^iLall Aiall CjI jlmll ^ 
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.^jjLall (j^aSjl Ual£ (jlS j^m/i jVI Jj3 (j<o LLallc LjIjj IajLucI (jl Vj 4(_pajiJI 

CjUUJl J^j <^UI 6.1 

f^ 3 .^^aLIIj ^jj^JI (JiiJI ^ <_5-a^l JjKMI (j^i •ilj-all JLa.- 2 ] UAJji^l U- 1, "' I ''(S «^ cl£-<y 
-j a ■ --"'j ^ jjjaJill -j a ■ aij3l j ^ Cjl^ji. j (JjLuixJI (Ja. a Ija dl jlg-a (jj£llaj 

IjjSMj ol j^l 

cc-o^l JjI^jII qa Jjj-all (j£-«Jj liA eJjl jll JjLu-all (j-a JJjill 5.1 *JaLall 

Jl ajtlml ,j-<i V^jj .tLjjjill AijlLall S X-v^ti CjLjjlajll ' ■ Jail j sUa-Vl ,aic. ^ j^n 

jjjlaxiojj La Lillii c^LajAVI ^J'^> j-a a jAllall ^^Ic [j-aj^J ^^l 4 all dlLl j^all jl LlL^lc-lidll 

^riLaj jjjLj (^k. oj^yi ci^s c JUall Joioi ^ .(quantitative models) ^jLaj 
(> Ijjj£ (signal transduction s jLiVI Jjj^ Jjj3 (>) <iut^ ijjlk t_jjUij] 

a^*-a]l ClLilVI JJ ( _ s ic. 4-La£3l ^jlLajll llicLuij (jl (j^aj A alia all 4lc.liila]l ClLyj^JI 

(J-aij La <j j .ajjilall AjIaJI 4 L la j -Uvi ( JjJ| Ajlljlall Cllilc.lij]l j dl jLi^/l (>al JJ (^J^ <e^l 
°lj iia jialall (j-aj^a «_ajlill CjIjjxjII j AjllxilLl ^3 jj] LuiL a) <Aa^]l ^iLajJI (JIaJ ( Jj^'"' ^ all 

. LjjS CllLlI jU, I j'-" ' J jxLa 

Qlm ^ all ( _ J Jc. aj;ij£ A^-a ' . l3a3lj s-Lia-VI j»l«J iAi all AxjjUI ' a _a! ^iLaj jjj iaij iaj 111 

JAail (mathematical models) ixuaLjj]| ^ iLalSt J ^'i.a'i La LJlc. .l^J ^^.jII (Jjjj^JI 

^iLajllj 4j£jjL^aJI ^jLajll LaA (jjlalc ' aij cAjjLjjjillj Ajjj^JI jAl_jiill 

a jaLoII iiil jjjSj (jic. (mechanical models) ^jSjilSjnfl ^jUiil ^jSjj .ajjjj^I 

^jLaj jjl-'' ta_)3jla Aj^jjl£j-aJI ^jsLail! (jjSj V La^jtj . Ifri aLjS <_s^I 

.eJaa-all fJjjjl j] ^ujj^ J ajj^Ls. cjLiLu ^jic. bLajc.1 (empirical models) Ajjjjsj 

.L^x3jjJ (jlj (jl 1 ■ aa II Ajjj^)^ill dlLiLull ia.L (jl (j^aJ (jjii^all !M£ j 
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ijjAi^ lijjiajj I afr3 ^ i u li^ II ^^gjll <J u a£ll (Jjla^ill AjtJila i ■ lHajjj 

Schork and Remington, Statistics with Applications to the Biological j&d) 
oUUJI qa at. j-a^-o J jjjSj (jj^-ill (j^jj u' -(and Health Science, 2000 

(j^aJ j'^'H -1 jaaj (j^i l&jli. (j^i (jSjjIl Ajlixj CjLuiUall (jAij ' , laj cAiijjj^ij 4 ^ ^ i a 
jpjj .AjjIjjoiC. f 1 laaj j 4-ja g la pUna.1 '* ,'.'JJ7-'^ -1 laa,Vl ^j-a (jjc jj (Jc. (_£j!aj (jt dll mUSll 

Jc. .l^jaij AijjJallj Ajj^j jjilaJI oLuiLii 2^?. J (systematic errors) 4j>$ LaJI fUalVl 

(Jtl ojl^iJI aU.j.a] 1 <cfi jl J ai l nlj I jii (jl Ai j'' '— " JJC- Ajjl^i. A_i.jjjal (j^-oJ C(Jll«]l (JjJjoi 
(JjI^j s-Liil 1 g *"*■ (j^ajjxjll j IjJ uua,l (j£J tAja^-iall pi U-^Nfl i"ia,**<l |j|j .AjLlsII qa 

aJj^js-o lAiJ\ (jt (random errors) 4jjI>u*j1 fUaiVl 'lJj^ ^jaL Cy 

<U.jjJa (JLaxiuil (j^i A^jlill CllLjLiJI (j a i aJJ C(JlfLa]l (JjJJjoi <Jc- . CllULiJI ^xaa ^^i liJ^jSj .Aa.jjj 
.AjjI^joiC s.Uai.1 (_3^jj <_j^ *^-a *jl^>^ (_>"^ (J jjSla j^j A lajii Ajjlji. 

^^j^ , ^11 lg-ajii (J tllljljJI J^*-P J pUaa.S/1 ^ V"'"' J 

(precision) Ai.ill jjj jjill jl 1.1a. ^-<JI (ja iAjjoi.%11 j Aj-akll 0UI1JI ^jjSj (jja. 
Jc ijj^i Jill ajjI jaVI CjUAjSII (Jjj (3al jjII AiJlL .(accuracy) k^-allj 

jl^£j AjLU Jl ^iSj-o AijJI (jl t(_J^)i.l i "'I aKj i-il £ya ir.j*-*. « qa^i <joiij jl^Lall 

(_jjjfij (Jc. _)^J (^11 dlL J Jfljl ^;<^7» J I Ai. <J jliLa I ajS ^ jaau (jjS^ll (JJiLj^l j^-?- J • ' "'^ 1 "Lj^l 

.Jjlall 

2 ajail j AjjiSaJI ■> ajall (jjj jjill (jc. diLuiUall Aj3 jj j Jl ^oijxi cJaxuail Lol 

ClutjJaj lil ^IjC- 100 4 ajSlI (jl_)±«JI ^ LutJ (jl L-la-l 4(JlfLa]l (J;;' a (Jc. .(jJJt^i jl^Lol "LuilLoll 
lilj .ia jjjJaa JJC. (jl jj-all (jl£ '^IjC- 100 ^"J ^ lijj JC- 100 lAjl-lLi AjjUx^i AjIc. 
lfc)3 a g la t_sl^ijl J _jj AjjjoiI ^-J. 1 ' (j^ '1^?. AijaA CliULull (j^i Ac. j*?- * Cl±jl£ 
"*'■«■ Jl j 4 a ±a i a sjjlx-o JJC. o_)L^a O' 1 ^ (Jl ajtAuil <ja g la]| pLiikVI AJia! (j^ 

.tllUI jajVI o^A ( L-Ulj all (j-o (jjSj lil j cUllc- ^- ■ all (jjAJI L_ll jaJI L_ Sjxj V 

(jjjI^UI (JLsxjjoiIj tAja g-Lo c.Llai.1 V cAjjI^yuic. f 1 laa.1 (Jc Ajjpa all CllLojUall (JjlaJ (j^-aJ 
t dll la II ' ° i a j Ij-iaj " a^all (J^atAmall Sj3jj-all AjjI ■ ^^Vl (jjl jjall (j« A-aJj AjjI i ^^Vl 

'(inferences about populations) Cj U^M I jc cjU.lliia.VI j (sample description) 
analysis of ) i -fi^B Jjkj j t (correlation) ijl Jill j t(regression) ^1 Jill j 
(arithmetic ^ >*^\\ jll ajjj jaall oULull jtixjUi (jUL-al j luj . (variance 
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cAiUJI j> Aiit jj-o L^jLo^. tjlxyj i (standard deviation) jl«-a!l ."n.MI j mean) 

JC JJ«1a] X w J 1 aa SI "J^ ■ .'■■">■; .^a-ifL ^JJJ tllljUJ! lillj 1 alia "LuilLoil 

X=^ = X 1 +X 2+- + Xn 0-6.1) 

n n 

L» yii j CiLjUJI ac.ja2-<J (central tendency) ^ jSjJI £- j jill ^L^JI jll J"j 

. ^ ^1 1 a jll 4-ajall j! ^ i-iui _j]| ( _ s -ajjiJ 



X ) \( x x \ 2 + ( x x \ 2 +... + ( x _ x \ 2 

a= \- — \ — =\— — — — — - t 2 " 6 - 1 ) 

\ n -1 V n -1 

(_£jLl*-a]l t_al_)^jVI 4-luij ( _ s iaxJj .^Ejtijll Cli±li Jl l^jjjjj-a _jj (_£jlj»-a]l l_al_)^jVI JaxJj 

(j^axj -kjjjia]l Jl 

(j^oJ .(JSI JJ*J J) Jj Sjjij-all ' ■ Luull (jl (jj^. J cdlULlJI JJ*J (j-o » JJ.'^ ^■J^ 

Schork »1 t^-sVI i_u£ ^ Ia jjc. j jjjl jUI oi& (jc- oL« ji**]| ^ jjj^ J& J j.,^11 

.(and Remington 

^afl UjiL f I jjfl JjS jj 20.1 Jli»JI 

j»J La^plj J s.1 jJI JJ^JJ (jjilijj cAjltiLo ^Lil Alui oAa! Llo jj ^La 5 lAjl^La Ajj^S itji 
J*J Laj^ilJI ^1 jJI JJ^JJ (_>»Ll3 (.Jja. j .<C_)^. (JS JaJ 4 aijlLo Ajloj (Jj-al (_^aJj-all 

:(mg/L J SjjLa) jll La£ gjlaill iAjjJI ^LjVl Jl <CjaJI Ajl laC-l qa AtLu 

Uj^UI J P ljJ j£ jl J^j s^l .0.205 .0.213 .0.209 .0.211 .0.214 .0.206 

.(_£jLut_all Ail^pjl j 
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:JaJI 



y , 

;r _ _ 0.206 + 0.214 + 0.21 1 + 0.209 + 0.213 + 0.205 mg 

n 6 L 

i^jLaja ^jIjxaII Lai 



(7 = 



|5>. -* ) 2 

n-1 



(0.206-0.210) +(0.214-0.210) + --- + (0.205-0.210) 

6^1 

mg 



= 0.004 



L 

.0.210 + 0.004 mg/L *ljj j£ JS ^jL^ 

J- 4 *^ 9j 1 jjj fSj ja .(significant figure) ^jj*-*!! ^ jJlj .Ait jjj*j1I ajj Jc 
.4.67 .321 r lSj a££ Jc i^Vl i> J£ 

O^j ,> <£S2 0.098 .0.0025 .8700 .340 i^Vlj . 6 10 x 7.50 j .0.0754 .601 

(jJjVI (jj^^xll AjUS LUtl Ijl (jSJ i (jl£-a j?*^ J*' jjV tiaSS (jjjjjx-a 

^ ^i^lj a^ r liJ a££ JjVl ^ii^l .8.700xl0 3 j 3.40X10 2 jmj.^L. 

.Ajjjx-a jalijl AjlJjl ( _ s it 
J** - * all (jxi t(_5^kl AjaAj (j-a .4jjjx-a *ljjl Aj!Mlij .lia. jaj Jt ojiaj3 ' a ■ a j (j^aJ 

.(i^j jjj) i^lj jjx-a lijJt^i ^Jj^ll ( _ S ^C' SL)aJ3 j»tljl ^Uai jjjJoj 4 JJ-ISJ (jj^J (jl 

^pij ' ■ '7- j Ajl ^jjxJ V Ajjj«_a ^lijl A » > aJ (j^i (jj^-a J^C L-lLuta. Jc. 4 J ■ al a il <UVI oj^La (jl 
CliLuaLisJI Aa_k*aJ (jjl > n-J (jjj£j qu all Lij ■ aJ (jl jA -3 all Jj '^ISjl Aj . . ■■" 1 1 1 ■ Ijjota all J^xJI 

.77 iLaill j CjULuII 

J^*JI Jj^ .Ajjjx^ll jalijVI (j-a ^j!>La]l J^xll Jl AjJAsill J^J-^ ■ i£ -' J <J_?^ 

:AjjVI ^cl jSII Jl aatlmU (_5jj»-a k JJ 
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jxaJ a.l_aa.j-a]l j»lijVl £J-aa. '5 (j-a jij-al fc+1 £3_aAll ^ jaSjll (jl£ Ij) • 

.k J-all 

cA^LA j k ^iij-all J ^jll Jl 1 £-A '5 t> jj^I &+1 J ^ jll I j] • 

aa 

1.43 jaxJI j c4600 4578 C(jjj_jj*-a j^aaj J) jjj-^11 up- Jc- 

. 1 .4 j^f-aJ 

s-lcllllj i "'I l\ i aa 11 (j^i Aluilui ^j a i (_£_)i.l 4j±]^)aj £-a L_lLjjjl Ljj3 jx)3 (J^»"un"i La Ulltj 
J) LLjjjI -jati JJ^L (j-aliJI 4j_jjx-a]l ^lijVl J-i*-J S^j,,,^ ~sa\\ jjxj 4j| "Lalxll 

:dj|jLjjjyi (j^nr J JL La J j .(<L)jjx-a]l jalijVl (j-a J^C ji—al Clljl ^ ajflll 
yt^ai LjjLoba A^jHill J 4j_&jx-a]l p lijVl J-lC. (jj^J (jl ■ . laj «4-ajo^]l jl L_ljjJa]l • 

(j« JJC 

£iS j-al ^Ll« A^Jdill J <_£ _jjx-a jaSj _^iJ £3 J-a (jj-^J ' ■ ''X' ^"T*^ -^4 • 

(jj-aJ JJ O^J^. J^JI 4j_ajx_all p lijVI (j-a Jl-iC. (Jsl Ljj3 jll 4-ajkll J (_£ _jjx-a ^aSj 

,4j^i*JI Ajj^l al l 

dlLll mail tl^^?.] *Lljl (jJJSLjal (jjjjjx-a (jJ-a3j jl (J-aa. £ Ija j| CjLuijLa-all (j-a j 

AjjjLall ^jlLajll j ClLLull (jl ^ya 3. yA\ "i^c-llll j Jl ^ \\\ i_ll_»aJI Jl J ajll (jja. LaAjJjJj 

1 c 

ol& t " la nl J3j .Aj_ai*-a ^lijl Aj^ilj jl (jjj_jix_a (jj-a3^>j p i2j AjjUI j AjjjaJI ^Jajjl j 

.<jjLjj]| <Jja.VI JJj-iil i^ljill liA 

AjjIlaII JiU ^LLaJI jj*JI 21.1 JliaJI 

I^L Lai Aj_jj*-a]l jilijVl (j-a JSJaJLl CjLL>VI j CjLLuaJI ja.1 I^JLuW 

(4.307xl0 4 kg)(6.2xl0" 3 m/s 2 ) (I) 
26.127 A + 3.9 A + 0.0324 A ( M ) 

:JaJI 

. (4.307 x 10 4 kg) (6.2xl0" 3 m/s 2 ) = 267.034 N:j4 ^ JLa^L (I) 

^jiai ijJ^J iAj>ix-a p lSj ^ (4.307X10 4 kg) JjVl J^Lall iSj^i 
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C(jjjjix^ ij±c&j} t_iljaJI jxj^ij tlil .(jjjjjx-o J& ^6.2x10 3 m/s 2 j 
jjLaa j J& ^ jiaj 270 N JjiJ J i^) 2.7xl0 2 N j 270 N Ji^L ^1 

.26.127 A + 3.9 A + 0.0324 A = 30.0594 A a^U *fl JLa*^L ( M ) 

cSji^Jj .^jjj^JI <L^aUll (jiaj Jl «laj Jc. 26.127 A JjVl AisJI (fi jiaj 

^jl^j .ajjA«JI <Lati]| (Jaaj Jl j ^ j Jc 3.9 A jliill jj*1I 

t_ll jaJI (« jiaj Jl t-la-l 111 .AjjjiaJI <l^aUII jjLaJ Jl »15jI AjuJ Jc 0.0324 A 
j£ 4j| Jaa.V • 30.1 A jjfLi jl t-Ja-1 (jl iAjjjjixJI Ai-alill jjLaJ Jl Aa.1 j Jj Jc. 

.30.1 A Jl 30.0594 A J^YI J^l j^tfj* 

^j^ijj j^.,.aM La^a-j-a VI aatlml ^jLajllj tllLLJaauall j J jl la 11 (JLaxiuil ^Ixj jntj 
Lajii Jjlj^l ^Jlij ^1 a b ^jtjjll (^^a^)*] <a*aVI (j^i a J,,'.'^ ^■J- 1 J 1 - '"^ J ^„'."J?"'^ 

A^jjll (j£-ajj AjjjJa ^ J i aJ J (j^-oJ (Jjl.laJI (jl VI .oJ.la_a i aa jl <Jj_ajgil a jl Ajjj^sj 

J 4 (Ja'i. n^ti jjiiall ^ j Jj I . (j^a jxll jl jlg-laV I JJjoli JJC. (j jfLl (jl jxiail (J-a^ioJI ^ _^"JI _aaj 
(_gill jjillall J < tJaiiuLall JJC. jjxaxJI ^jjjj C(JjVI J _j-axJI J tAj -^"'J jl ' " UJJ ^ill jjxiall 
tlllj (JjlAaJI (jj^j .AjjVI o-laC-Vl J tjiiuiall jjxlall CjIjjxj ^."Jj ** .' J?-*'^ e^jl 4j3 '^"y V 
AjjLiJI i "'I UUx. „\1 ^jojj (jjfLi I alia jl ( (JSj i a JJC. j JJ*Aa (j^i jj£I (_>uLi!! (jJa. (_J^>j£ 4 .n^ 



AjjLull olo jjjjII j oLkkkJI (graphical representation) <JIjjJI JA»jJI ^ J^«j*-j 

jj^-a ( _ s ic. AJSLuLall JJC. Cjl^yilxJI jaJJJJj '(^-axis CjLIllJI J_aa-a) (Jj-al jill J_a^-a ^jic. 
cdA^i. j till j jiill Aj-Isj ^jit AjjLjJI till kka all JcLujj .(j-axis tllllix]! J>a-a) t_Llj|jjll 
\j| jlc (J^il£ll ^LlJI /) ^ , (j| t_iajj .Jaliill jjjj La ,j J a£j i ^ I UjJLaxiuil (j£-aJj 

(jl (j^ajj .tlll^jll Jj^aJj ' _jjl a all tllLa^lc '.'?-JJ • tllLaiJaj-a-all ^a AAt^aJ 

.tllULiJI jjxj Jl ojLSyi Ajxj I ka 11 Ja jjai. l^jll i al ■ 

C#*^i\ 6- J 22.1 JIUI 

^JLa. (J 4 uiii jjijJaaj Aj^C-Luial ^jl la Jjj S-yj^ J] f ^ ' ^ J il ' ^ ■' •^'- UL9 

Ait (jjauoi^U A^iUpjoiV tljLu.Ua tlyji.1 J3j .dLiaill Jl «Lul ^JLlill ^l^«jl 
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I j, Via) (J j-liall (JxaJI i^-lULu LllLa.jJ^a dilkla j .aIajj (J-aatll jl^Lo qa * alia * CAjjJjoixi 

.1400) .(0.55 d 00) :Jj IS (L/min_j I jjL.) a^Vl c£*«SJ j (kgm/min _i 
.950) .(1.25 .550) .(0.95 .375) .(0.75 .275) .(1.82 .750) .(0.55 .225) .(3.00 
t> ^Ul) (3.75 .1700) .(2.05 .825) .(2.75 .1200) .(0.45 .110) .(2.10 

.(Guy ton and Hall, 2000 

.(Jiluittll JJC. jjilla]! j (JSLuiaII jjij-all JAa. (I) 
.^iljJ laJaa aJ dlULJI (jLa (^) 

:JaJI 

I^A (jli IjJ .(JjAiaII J^utll i la-j A aV'iX. „ CllLijluia Aic. (jjjLajllj ft ■ aill JjIj ^LiS (jj (I) 

CjUliJI j! Ja^V 2 ajja all J^xJI ^jc. r 1 ■ iaflll JjIj I— lULj 11.1 Jj^aJI (jJJJ (tj) 

Lj lcl ■ aJ (JjAiaII (J-axll 4 <ajj (jjl j '"\'"'J 

.(Jj,\m1I (J-axJI (Jj-al jill jj^ a (Jj-"J .(JIlljljJlj (J-oLaJ (j^W^ H 6.1 (J's^ill (JJJJ (dl) 
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(kg.m/min ) JjiiJ J«S 
. jja .i^SU a£!1$jJ Jj*x j »1 . aail jjIj aJau ^ill J**]| jjj 4£>U]] ^jLu :6.1 JiuJI 





gtyiuA :11.1 Jj±sJI 


(L/min) <j±=^Vl dil^l 


(kg.m/min) ^ 


0.55 


100 


0.45 


110 


0.55 


225 


0.75 


275 


0.95 


375 


1.25 


550 


1.82 


750 


2.05 


825 


2.10 


950 


2.75 


1200 


3.00 


1400 


3.75 


1700 



0.0021- 



L 



kg.m 



x +0.21 



mm 



flii aA ii^V c (kg.m/min) J**il <r ja (L/min) (jj^SYI c£i$jJ ja j jl Laj 
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UXl* JUxlu-L 4Jai> CjVJU-a 7.1 

4 uilj^Jl liLiajitlui ^^ill (Jjl i ii A\ j < ' ■ I^A ^ Aa-j^aJI (JjI i ii A) -U« a (j a i jaJJ 

jjaill (Ja. (j^aJ La LJlc. 4j| (jja. ^ j . jj£I jl -La jlx-a JJC- A^jS ^LajY dV-Ax-a Ja. tAjjja II 
(jl (j^aJ I jjtoJ Juil aiaj (Ja. (jli t5J • aj Ljj.1) (jj2l cj-'^JS ? " cjjlj? " c^ 1 - *J' aoa^ll 
(JjUjI 1 fra-jflaJ (j^aJ dlUjSj 5_aj cAjJaa. CllV^lat-aJ Ai jj-a j^JI -Uill (j^aj La (j£J .laA^a 

dllc. jxa a (JaJ ^Li La Sjj£Xa]l Aja dll j-lVl (JLaxSuil (j£-ajj .ALxall AjjjJI dlLjl ..<-». II 

.aJSLljiJI 5jU4.II CjVjU^II (j-a 

; J£jjJ| (ja 5J j» * Clll jjiiaJ 5J jl«_a ^^A AjiaaJI 5J jLt-ajl 

Y = Cl X 1+ C 2 X 2 +-+C n X n (1-7.1) 

J^C Hj idljlj CjJ ' tjjfi 7~ (Ja* ..i^ll jjxlaJI jA j < (Jaiiuiia3l JJC. jjj£ia]l jA Y (jl LaJ 
(_jl^ jj£I jl (jj j*-^ a (jjjjij-a ^cjLi la II .la.1 (jl£ I jl 5 Ijg a all AiiluiaJI CjIjjxIaII 
JJC. SJ^U^JI tAaJjll (_£jLoij V S j3 Jl Ic-jSj^i Clljjiiajl (j-a "j_g\ (jl£ Ijj jl c(ClXlX2 

bj^a. 5'.^, U',^1 ClV-ix-aJI jli .IjUixj J&t Jail AijU. JLaxU illki L-la-lj <5jU4. 

.Ajiaa. jjc. Cjj Ajlm ^^A 5 j aJJ jlc. _jl jl A-uHa 

CjVjU^II Jaj (Ja. (MATLAB) L-iLjLa (JjjS (ja Aajjjoila. C-lUa ajj JLaxiJ (Jxaj 
5jj^I A-uiallaJI (j^ajjiiui .AxjuiVl j dllijAj a<a3l £_a J^sboil A^u^aa l^jV tLumj !>L^jai AjJaa II 
(_ji (Jfotj . AjijU jL .a* 5J jlx-aJ AjlaaJI Cj 1 ^ Jilx-all 5_xi jU'i* (JAaJ (j^aJ . Lu jij t_S jlLa L_l!iljLa (jl 

* uAj(S T* (lyji*^- <1 J jj/'J^* 1 ^ (jiitaLt* (JA (jj£-all (_jjVI Jlj-a]l 



3^: ! + 4jc 2 =11 



(2-7.1) 

: = }V JLill (j-a ^1 5jj^l Ajjli jL^xall 5J^Ln-a]Ll oiA CjV^Ix^II \a jiaia JlaJ 

(3-7.1) 



"1 


2" 






"5 " 


3 


4 






11 



. (jlelsuuS y j X J '2 x 2 Lj-uilLa 5i jii«a-a (^A A (jl 1 - U 

:5jjVI AAaLJI SJ^UJI 5^\i jj.^J 5_LlxJt a jA <jL2u 
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ax=y (4-7.1) 
x =^ = ^3, (5-7.1) 

V lijl Vj iAjjIs jii axil <Lblxx]l ^^Jc "UjLax 4-jlxC ^Ijr"] 4j3 l_1 jC. jxll (jx 4jl i a 

Jt i J i S LjJLaxIuil j A~' ^a-iLi 4-£ali axil <hlxxll (Ja. (j£xJ C(jil . A~' <_£l 'A t_J jlLa 
i—L^Ljlx Lai Jii. 1 i <-\ jl !>Lax (jj^J (jl LijAj A 1 L-lLuiaJ (j^xj -Ajjla jL ax L_l^ua AjIxxj 

(j^xJ <jj ^jl t—a^ilj iAjLiil jal Aj^L^I Ixj3 Cljl£l e\ jiji cCjIjjxjxII £J-a^ 3*J^ 

(_pajij L-LitjLa ^ i_ajc. (operator) Ji>a ja (\) jxjll j .4*^1 ^jj Y Ua sUaxxll 

(jx I— llkll " X — A\ y " Axjlxill c!i\jx .Aiji^ixll l_J_alla JlxaluAj OYjla-a Ja> 

I^jL LaJ A <3 jjj axil j J ^bujill l_ ij*J '(Jjxll (J.!.'" 1 cs^" • = A ' J (— ll i ai L-l jjjla II 

»A=[12;3 4]; (6-7.1) 
»y =[5;11]; 

^IxjoJLj ' . 'J l all J A3 jjj axil L_l jlax L-lL ii-s AxjIaj j 

»x=A\j (7-7.1) 

X — 

1 (8-7.1) 
2 
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jV A-a jkL« ( Xj = 1, x 2 = 2 ) 



Ajkk cjVJbw ^ <J*J JLm&J 23.1 Jlidl 

2x l +x 3 =4 
jCj+2jc 2 +jc 3 =1 

J] I j3»3 .Uil 

^ijja. .Iji-a (_£jluy AJjU-all lillj ^fl (jU tAjjlfill <ljlx-aJI ^3 ^j*.ya JJC. X 2 JJ*^- 4 ^ (j' 

-y ^. 1 T nil! j A A3jL^a-a]l (JJjSj ^ J^i 

"i i r 

I = 2 0 1 

1 2 1 



2 
4 
1 



»A =[111; 2 01; 121] ; 
» y = [2; 4; l] ; 
» x =A\y 
x = 

1 

-1 

2 



4un,^glt JjIuuaII JaJ 8.1 

JjflaJ (jl ' . '7- j J . (JLaSJI j ml nMI JjjiaJi] -* a j-al <±ui iLj St (Jjl ninll (JaJ jJjJaJ (jj 
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(jl AaJ ^3 Jjj^ 1 i a a lili&j-aJj .(jj^)i.VI (Jj3 (j^i All aatlml j Ala (jj's-."''! j JaJI Axjtia (JJ^ i a**J 

J^Sj V \jjjua LjJI oJ_j*il ojjjaui jl 4Ai_)ia (i]"}Lial ^ J i aJ 1 (JjLuiall 4 i a (_g jUiki ^Ljjjl JjC' 
(JjLuiall ^ ■Ajc- jLj La (_ji o^jl CjljJaaJI ^Ja» a (jjlaaLluiJ (jjjoijLa^JI (j^-lj^-ajl (jl • (j-aJJ 

.AjLaaJI 

J ^ a3l i J M -ja Jlljlal (Jc. (Jjl i n n\\ (JaJ Ifrfrjl La jl LiA Aa. j Ja**l Aja^ LaJI ^LjjI ' ■ lajj 
—3 J ^aj^aill ,j (JjLuuJI (JaJ ^f" u " (jll <— ll jiaa 13 ^Lt (JJj ,_A Aja g Lall ojlAj Ajj-iaJI 2 , „ ^ '1 
(Jc jl ■ ajSVI ■ ■ laJ C^^Jial jll ^11*31 (JjLuia J (Jj-aaJ La jljC- ( _ s itj ■ ■ IjlA (j-a 7 

e^^juJI (j^l tAj_ajLa ( _ s Aj cJjLuiaJI (JaJ (_J_)a.l ' "-jLja g-ia A-aJ .AjLuiajl J& Jjilajj ^^jll 1 " ll_«Jaa II 
^j">La]| j-a tLui il^ a iili. a jj i ^la ■ aj ^a j . ^UaliL LjJjJflJJ AlaLi AjLjJa Jjlaj (ji jA UA A ^ 

. (Jjl > n nil (JaJ liL Aj-aLi. Aii^Ja JJ^**' (jl 

.L^jjLiS cAlaal] *■»*>■■*■ - £-a iAl\ malLi 4 . r-il -s \\ CliLajla-all ^iuj ijm *aj . 1 
i ■ uSj .AjII ^ t i n* (JaJI jl AlLutaJI (j-a (_^°ajiJI (Jc ^_jjJa_jj (j-aij (jl L-laJ (I) 

...(jS^jJI J-ia-a Ii—lma.' "JVI JliilU Lille, li* 
J j Vu^i LJaai a (j^<aj La LJlc. .<]! malLi 4li*a]l dll j dlLa j1xa]I > jxLi I jajaa - ^joijI (^i) 
(j aja ^' jj-a t Lj-La <a.jLk3l j 4La jiiiaJI Jl oJljl_all CllLi j^all laJ ciiiuij 

1 g <i i li j j LaJ j I ^ laja aj 4_a jJaJ all ' . J -AfuiLla "Hj^Lxj dlLa ^lat-all 

. (j£-al LaJJa. all ^^it AAa£ll dlLa jlx-aJI ^aa. jL^Jal ' ■ lajj . dlLa"iLit]Ll 

ClLij£-aJlj 1 1 ^lkJaa a j ^ laJ ^gjll "Lajlx-all (jl .tllULuia. JjJ^ tJ^I (^) 

(jj£j (jl l ■ la-lj .JjAiJI (jjiLu:! (J£jij tL^ia <i.jLiJlj A-a j^mII Jl ojjljll 
((JjLiljall) Jj^aJI (^ *Uj^a~l CjLi^jUl La! .JjJaJI Aia,Lila Cj|ja.j3l 

CllLij^all -*LajV AJLuiall (Jaj I alia j Ljj3 L_1 jC. j-a]l CjULa.**/! Lille. (jj£lui3 
1 , ^.j, ^.-^ 'Alia 4j| ^a Ljjljji.1 (JjiaJI fLuijl (JjAaJI Ajj«j «^jU',,*i tAilik-all 

.^tllLi j'Sall oJJ«Aa aXi£1\ Ajjl j-a (JjLuba J 

.Aii.^aJI 0 is (Jjg 7. a jA Laj ^jlx-a jA La ja^il (JxC jLial JJ : JjW*i .2 

I jV i Jjitill SAjJui Aj^I jjiill (j| .AjUaJI Jc ^ J^VI ia. (!) 

(jjj .AAuij Cliijll J J' aaj tj| j^]| JLijjl Jl AiLiJal cCl"ilc.lidll j ClLiLa*]! (j-a 
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x i aJ JJ l^tL^jlj <LajlaLall LaJ-uiiil CjbkaljjS^I (j^ajlij (jjlj (J-" ASjx,a 
(j^aj Ajl dlLjal jjsV I AAial (j« .^--^Ijll (J 1 ' ll^ all CllLajoi jj-a ^A 4 a i '—I j (j^ajL^aa. 

2 '.I jU, ,J < (jLuijVI .AC-Lai Wi 

(jc ' . la Jl J] ^tiaj .as jkaJI oj* J .AjsL-aVI oLLull j AllaJI CiLLu £!aa. (m) 

ClAjLlJI (j-aj .AILjiaII ' °JJ»' J ia*J ^ t^J-a jJaia J Cf" ^Lajlst-a 

.yia LaJ^bll Aa.jjl Lpe diajj jl lililc oAi ^ J^' AjsL-aVI 

.Ljl llilAajll (j-o Ac jaa_a JJa.1 j caJ lii^U Ojiia.1 jll J>ajll J Ci\jMA J> l\ Jjxul (<Jj) 

.aJLjiaII J ^UojjjII -I Saill jl (_gjiall Cjlja. jll j»Uaj J i nj caJllc 
(j£l 'jaJ JJ j <aaj (j-o ' «ViA.* J ClljjilaJI dllailaj a-al (j£aJ :4ja*SLa) 
.j jj Jl LaSb £^ V U Ijjlilj ^ j]| AjxA^Vl Cjljjilall 

. iiLjlSjxll J 7" Jj celsjjill i^E K J 4j£jaJ Asliall tjllall Jjiui Je 

(j-o jiJ < Ajui^j ^ . J ^Ij^LoJ l^js iil j"i uS i a lIiULij i _baiaj i luS bis 

(j« (jJ*-a ' ■ ul a J Aj-alaJI Cjljjillall Lai .AjjLu«_a Cjljjilla L_Ljj«j (_£jjjj_iill 
Jc. f 1 i «aall AjIj ^uia, IfrlflaJ jll sjill ^Jk F s '."^Ia 1 $ J»* ' , la^jS aILuiaII 

^ Luj) l^ia £ja. jl <La jlaiall Jj ba a (Ja..} jA (jJ-uiVl .i_lLuiail LuiLuil JJa. 
J J '(_>"buVI u^"J '(Jjba-aJI "*' U ""V (J .((jSAoll jljLa jl (Jja-aJ ojlc 

jl jjjlLa LjAj a V 'I g ■ »; Jj <J_ajqila dllj j£^JI ^jS JaxJ c^)a.VI Uj ■ -— « 
aill) 4 (JjLuui (jj . Ja*-a (JjiLjI <-a!i (j^J Ijj LuiL ill JJa.1 .AilJaa CjV^*-a 

• JJ ^Uai La UIlA (4 ill) AiLUI (JL^aj (3 

Jclioll J <la.lj3l CjL£j^]I Jjjoi LJla.j cAjjL-ajS Cj^lij j«. aJJ aJLjuJI bj 

. Cj!>lcLilall L-imjl lasj CjVjL«-a]I jl aJjI*x3I jjl jj 

. Jlala jai Jc. (J^J tljVjLtxll ^jJa jj : l_lLuia, .3 
Jll Cj^jIxJ! AjI^S jj .A^llal! JiliaJVI jl /j AjjljJI CjVjIxa ^Laa. L_fiSI (I) 
(jl (j^aj Ajjjj^all JJC. JjAaJI s-lilV A-ajlilall (Jjlajj I g iaJjLaij ^aJ aJLuiaII ^aj 
oIa (Ja " iJljuJI ^J^ 3 l^j llfrll (Jjl i n nil (Ja. J a lii a sbl (jj^J 

lilli -<~* Jll aLU^II 'Ajjlajj AjL>J JJ " ?ejSlx^a Alia. J A-a jklall 

L_ii£l . 2 (Jj-aill J jj£I (Jjj^aiij -jg Lall I iA (jislilui . I ji_a LjjS ^1 jjll Ja. ijxaj 



89 



.aJLlhaII (JaJ IgJI AjaXa. A-aJ (_j \aj AjjoiLoiI 
"ULaLall (Ja. i_J jA li& .aJ all jj^llall ijm^l tA 1ml LaJl aJjLlxII Jl aatluilj 
jjjlLall (—lima, (j^-aJ iCllVLaJI (J » J ,j 1 Sj£ * 1^ Jij i . lliaJ.1 (jl 
^ aIuiLji Ja. (JjJaiVl (j^i (jj^J -^ CjVLa. j Uluiluij a] j*-^ all 

.(_gjaj A-ijjuiI -s i liLja "j; jl L_L>ljLa ( _ f lc IjLojc.1 
.a cCjI^ jll Sj^UI J SiUJI AiUJIj aM JatiaJ JjL^« ^ :4la*5U) 
(degree-of-freedom AjjsJI ^^j J tfe^ uj -^l^l J*J <^ <J! -M** A_aii 
diLa jlx-ollj <1Lu-o1I Ja. (J^axJI (jlS jl jUJ Aja^io aLjIs jA analysis) 

. ClYjla-aJI cJ^J AcLjjI i ■ La_j (^jlll JauLujII AJ-laj ^^ifc Ac-Luij (jl (j^-ajj ie>\ \a» all 

Reklaitis, Introduction <^ia) AjjiLajill a^.%11 t_u£ Alalia aajjUI d^a 

•to Material and Energy Balances, 1983) 

Cjl.la.j]l £-a Ajjj*-all jalijVI (j-a 1— luilla J^C- JLaaliuAj ^ _ajJa _aj dlLla.^! Ac-Li^aJ (I) 
.Ail ubttll Ig-ilc. aj j^jll AJluiVl (jc. Clua.1 t*li (j&aj .<La£>Lajl 
:Aj-a^]l gjjljill (j^i (jSjjJJ (jjjl^jia CiMj A-aii .(_£ ji_a Clll jj Ajjit-a lilajtlj (jl (JjSaj (S- 1 ) 
AjajUll jxjalb AjL^Vl aJLaJI ^fl JjAU_a]l (jc (_pajC :AJLul»]| ^ (jAJJjLill .i 

JaJI (jl (jiaj j L_ll jaJJ (JaJI J^jji WiiJ^ 'j^^ UAuia.1 IjJ^JI ^PJ* 'U 

.(JjSx-a jASJ Ala (JJS^JI 
J jS*_a Jail (jl (j-a (jSjjll ^jixJ Aj] jta-all jLita.1 (jj;i-i J ) :JaJI 4j2jji*»a Jjiil .iii 
(jl ■ -la-1 i ■ llSJI (j'— y jl^-a. (JjajuSj A-a_pUI ojJall jl AtUaiuiVI (jl (^1) 

.(liljx-aLa. CjLa^aJI (JphJ* Jj» >T\\ A-«_pUI lilJj (j-a Ja! (jj£j 

- ^ ''I Vj « tjj.'J"'!! ■ a (jijjJa.Vl (J^ajll ^"'"jj la (jl (jjjjjxall (jjj a il^ all laj Sk 

. (jj^ajll j dlS jJI ^-a La^j jjSu 

JjLaj Jl aatluil Aji£ Lnjj tjLuVl J OlAa.j]l j AjjLijjill Cjljjila]! (Jj^asll liA liSjC 

.a At ^ A jinVWS '"'1'°;;^-"' jUaJ AjjLjjjjll Cllljjillall U£_a3j .Cjlia. _jll (Jjjaj j jlaj^l 



90 



I— 1UL1JI j jjjlLaJI JjlaJ j cAjjjaJI 4jj.%]I ^ ^j-aill Jjlaoil AaxiaI llnrtlj j 

(Ja»*ii in (jl (j^-aJ i—iitjLa (jl ' "J 1 ^ 1 L aj&j LajJal j ^ JJ aJ L-lL aa II ij Lijjj^j I g Lb aaj (_£_^J 
LiJa_£. lia^ii cljjaJj 4 jj^ a all dlljjjtAall ^aj3 ^tiiluil j AjiaaJI CllVjl*-a]l (j-a ** ajjalo (J^ 
(j^i ^j'.'* La (JjLjiaII (j^i j/'^ (Ja. LjC-Lul (j^aJ Ajjoi^JI (JjLuuJI (JaJ 4.1a g LaJ I j, _j_ * 
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.CjIa^.j (Jjj^j 1 . 1 

• dyne j lb f ^ jJI J\ 101b m -ft/s 2 Jj* (!) 
.lb f /in 2 j atm jij^-jll 20kPa J>*. (m) 

. K j °C jii! sjj*. ^L> J J ) 70 °F Jj^ (c) 
.ol Jjjkj oV J\ 100 in 2 -lb m /s 2 (cL) 

?jj jjjlL) jA La3 70 

.iiil.ia.j (Jjj=>j 2.1 

• lb m - ft/s 2 Jjj lb f J\ 10000 dyne (I) 

. lb f /in 2 Jj j kPa J\ 0.2 atm ( M ) 
•Kj °F (jU^I ^ sj j^) 37 °C Jj*. (cj) 
.oljjjkj 50 in 2 -lb m /s 2 Jj* (cL) 

jc. ijjjUJ SjSlI <j.i.->l . 3.4 ft/s 2 ^ jLoi J) s j±J 1 1 LplS s jS 3.1 
s jjJ 150 

(j! (jlajpalj 4(*lj^JI iaij-ia) ^^ajLiJI > ^-ill (_LiAl j t^jqiaJ] ^jlLaj dlljl jVmiVl J <liM i nl 
^Ljajxll ^JaLaJI A^Lai-a (jlj CjjjaU Jc (_£jLuii]L) jjJJ (J uJl (jjj 
Ifri&l .SJc. 2jaLja) OL^aljjal <a.Ls. 4-aJ - 1 aa II ^3aJ ^1 t*Uj LujSJ t^jLuij 

(jjal jia IjlA (Ja Ait <ia Jc-I (j^ajaJI Ho La» i jail (Ja < lila .^jjjajj 

?<xii jjj La £-a 

20.0 Iaj!jL« 4i& aLLA (aJSJI SjjjUIj jj jjilL) S jSSI La 5.1 
S jjJ 20.0 UJjL. <1S AiLJI (AjJ£]| Sj±Jilj o^L) S jSSI L«j ?4ji*JI 

?Lj 2LjjUI! c^j aJ^ 

^Uaji - i aa II liilij ^1 jiill (JjLoJI A ti£ ' al L ^ i Ai£ jLuij t^jiiJxaa jl la3 j 6.1 

4^ttjma (j-a Aj-all 95 t<a.Luj jjiji ^ A *^>^ 150 jL^ij a^JjS 
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.<4U jL j^J ^ji^ o- Ja . 0.036 lb m /in 3 

(jjJC.!>UI ^^Ic tiilljl tjjSaJj ^ lAji-a (jj^J (jl oAi.j j»j»il (jl Ij^jj .*Lall 

le 4jC.Ijjj 4jJ j ^ IajJ jJ £lAjoi]I ^^Jt ^^jll ojfill La .tLall ^ ^j-uoaII 

(free-body diagram) j^JI ^aA\ .kkL« ? fr LJI jja 

12.1 Jja^JI (Jxxiail - 1 "-^ 11 1 ^Ij-oll (JjLuJI jjj (_5jLuij l^jl i—ijjx^ll 

. dLall ^ Jj-*.ja]I ' ■ "*-*^ 11 * j-> a JJ^iil 

^ujjiiil fltfl fja*. :12.1 JjJaJI 









(in 3 ) (^Jl 




400 




2000 




350 




700 





^^IajJIj ^ jjll :7.1 Ji*lll 

4 j Mir. I 1 j g J ■ "* i . Ujoij ' " 'I ija II (Jaj Ajlij ojc.1 j Cjljjja. jaill dt)L <aJja jiVi 8.1 
Jc. aJja-jxll »■« j'jS 2 W ».« eJLui DNA —II W^ 1 "^" t^t^j 

p^ja. jJj (jj (J-^J^ -A^lj jjj^-a tJ^j <L^ajj_*J ^^.jLiJI ^ ]-i i nB 

-i^Jj jjjjjj ^ ' * lU^j ^jt j d nm jLuy (_£jl*JI ^jjijaijajl ^ uill 
Mil l (J^jjj o- 0 uj^j J^l ^ 1 ' «aj j^. ^luai jl j t( 1.6021x10 19 C ) 

.(7.1 Jiill) Ajji-ai Wi- JS- V ^1 jjIjJI jJJ 
Clljjj j jJI j Ajj_jiijiji]l ui] ijfA Mi a 2^3* ' ^" 3 J$ U ^ ^ L?- 1 ^ 9.1 

ibja>_j* In. nil jj jail (_>aaU. jSj ^1 I jji .(alveoli) ajjjjJI 
jjjoll ojLjj ^" "ll j^l a*- 0 ^l J j^j ) J l J jN) *L»1I djlLja. i_jjLaj (jli 
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^U.JI j3 j£\ j] .UjLl^jl Jl La IjlAj tAjJjkJI ^ji ki ■ >>M ^Lpjl Jl ^ kjJI 

jjjjll j jail a jj-a Ajxjjia jjjlLaJ AjjIj^JI AjjjjII "LujaJI lajj (_£j]l ^ Jat-U loll (Jjl^iijill 

ajjjjII Ajjjkll (^"hj ^jtjiMI JjI jxJ] ^yaiaxj jjjjll j . 5-30 dyne/cm ^ jLjj 
jjjjll (jjj 4£%tl\ j . 50 dyne/cm ^jUii ^k"' jjjj u^aaLk jjJ o-a 4jjIj$JI 

r 

jljLa La ( (jjjSj a 100 ' a a a II A laj a j!La]| Ajjl j^JI AjjjkJI jla3 ( Luaj lj] (I) 

U, i.ll jjjdll (_paaLk -^>^J (JJa. ^Lll (j^ai-iill <_£.J ^a. jajmll jj jjll laa i 
Ja (j^l t^a-aJI 4 L ■ a j* * AjjI jA ClAjJja. j ua Ia» ■ aj| jljLa La 

lillj £jj (_£jLluJ jUaiil I '°l ■ — CjI j 4jjI jA Cjljjjk a.}lc ^AaJI JUiaVl '^""V (dj) 

jj^ yi j Sir. Ijjj V jj jjll jiaaLk jl lilli > il ■ - -j .jjiJLJ] Jll 

£AaJI JUiaVl lilllaj V lilj tJxaJI j-a (JajLJ j^jill Ja. AjjI j$JI Ajjjkll Jc 
.gJ-laJ (Jikll (j? J ^ kiLiill Jj jjll iai^a jia a L i a JJjJ (jiaSla. ojlc 

c2ilia_<JI Ja j» i all (jc o-lia. o ^s \c. J' aaj ^^£1 j .Lai jC. 102 LpliS 4j*Aij i'nUr.1 10. 1 

?(2L3£1I S jiilll j jj jjilL) 2U.UUI jjj jA La (I) 

.iilxjj-aj Jc. Ajjljla 1 jjLaa j 4j^lij]l ^ Ajl ^ ill ^JJ-a jl 'l . al ' ''J^ - " — jC Cilia j| 

Jc aj jxJij ^jJI (atmj lb f /in 2 j Pa-; I >iia) ^.Lilll Jjla La 

i ^ jljLa La .liljy 4j^Ij Jc. ^jljjill t"nr i^i jj ^jljjji Jl <a.lij]l l "'» Sal ^'"'^ 

?(atm j lb f /in 2 j Pa— j \J^) ^ Jt a^UsJI 
?(atm j lb f /in 2 j Pa^ i j s jL>) aJ jLUI 
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■lift kj» > L-boiaJ t8. 1 .till S^i^ti Ajujj] Jj| jjjJI tlAjlji. (j-a <J£ Jaj ^j-o 11.1 
L?') ^BJ tlWJ ^ilxll Aia. 44-1-8.1 j 1-8.1 (jJLill (Jai qaj .jlji. j£ 

H 2 S0 4 ^J^ll ^jiS yiaH -(^ >P B , P A <P B , P A =P B (> 

.1.834 <^> 

^ jni ill j •oj^-J^'j UJT* '"^1 j dti^jj-^l l>* cl/^' ^li«JI ^ «lj$JI ( — illij 12.1 

.Ar 1 (^i 21 cN2 gj 78 oLj'jiJI oi$J aJjJI 

.(_5j^JI f.1 jgJI ^ (jjC-jVl j [Jja ui^Vlj [jja jjT'J'H AjIj^II Ajjlall 4 jiu'ill i _lj a^J 




.CjjjjSII (j Vin-s (^j *L« (I) jjic CiUljii :8.1 Jl*iil 
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13.1 

j. ^V. j£] Ajliill j AjIjaII u.i ill t^i.i^l jja, uiSVl ^j-a LaljC. 40 J 'j>JJ^I 

jajla. 13 ^ iaj a j]l ^J^^JI UJJ^ LjaJ 1 -b jajla. II 

90 t> JJJ <^Aj -AjjJi. i J-a ^u,-il 21a*loi-a T1-6A1-4V AjjAx^ll 2i=LlliJ 14.1 
Lg A La . Ajjla ' .'■" ') f Jj-^^ <la]l J 4 ' ^jjiaJI <lail J 6 ' j» J^l-^ 4\la]| 

_jll ^jli^?-^ (j jj^ ' . '■ "^1 j-all l^Jjoij ^^A La j ?4ailj]l dlj j^all Aj]j£1I ■ '..''ill 

2j] j^ll L-Luull L-UaaJ .C02()CrioMO gA AjtLu^a tSJIjJ *Lu] o-lsJLa. 4 kAa. 15.1 
. <ja ; ilij] ^gjajoi^oil ^JJ^^JI (j_)^all L-iajl l bLaaJ . A a llai I I ^3 ajo 

80 (_5jLuij AjJai. A£.^)joij Ia^jjC f.\ (J3Jjjj Cjila 18 AjjI _«gJI 4 aall jiaS (_£jLuij 16.1 
^jjill jjt s-lj^-II jJ3Jjjj . ^»La 1.3 L^ia ^Ja i a ^_>3 _>^3 lSJ^^J 'A-jjljll ^ajj 
(Jjlx^ij jgXajaJI (ja^all (Jjl»_a ' ■ ' i "^1 .ALjljll ^ ^ui 15 (_£jLuij AjJaa. <c.^uij a i all 
.(j^nll jl^a. ^-3 JjH-LaJI lillj (j^i JS JJC «l j^J] J _jJI (jajjil J^a j JV^l J^-lill 

:Aj^l*-a]l !>La*jjoixi (jj^a (J£l (Jji-J >\)J J ^ £ - Ljajl L-lmaJ j 

Re = ^£ 

.4ja.jjlil [J, j iAiljill ^ p j iAjlaaJI Acjjoill ^ Vj tjiaill jA D ji Lj 

.1.84xl0 _4 g/(cm-s) tlj^l 4^jj3 ^jL^i 

jj£I jl (jjjjij-a (jjjlc-j JJ ojjj^II AjC-jVI ^J^jj C(jLoijyi (_J^1 Aj_ox.}]I Sjjjll J 17.1 
j»JI S^lcVj .4jj-aJl3l CjIjjxjoJIj (iLjjjlj tjjjjl^uillj IjJ^J-a 4_)^jVI (jLl^)^! (j^ 1 U^Uajl 
t-ij^VI ^Jjll 'Ajlgill ^ j c4liajill SJjjVI LWJ^ Aj>a^l CjIjjt .'Ml ^^iLu < 1 ■ JS1I Jl 
^Jl 'kcyji j Aj£ jVl jUaSl (til) ^ 9.tll J jJL?J . t ■ \\k\\ ^ t.u^j ^ill 

(j^i <JC jVl lilt (>a cj£ JJC- (»-^ ^Ull Jjlx^i j ^^7.^11 jjaill Ji«-a 1 J..I-J (!) 

g-alj^jj Jl axl nl . j l'iK J 1 .(JSVI Jt ^'i 'H lillj (j^i oAi._al l|]jIj1 ua. ^-1) - ■ H 

.((iljLL^. ,\iVnl ^Ljj ^1 jl t_j!ljLa J (Excel) J-£l 

Jk. ?AjC jVl lilt ^ J£ J ^Jlll J j^ll ^iill J^x-a jj^SJ jl t_jLuri. (X-ikLuiJ Ja ((-j) 

.d^UI 
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.0.040 g/(cm s) A^jjl 

Jail ^»;;U1 J^J^ *Lul AjjI J^' S;.^"ti Ajjjjjjjll 2,U-^ SI jUJI i_LmaJ 18.1 

2 aSll JiJ-JI jUati jjc. CLiaJlj jjUJI jUJI -■>■■* (J^^J 'J^j^' ' "'J* J*'.' 

(_>uUa J IjuLo ijj-^ (j' is'Xi"'" 1 ^-? j JjJ .4 n«Vi jl AjjI _jgJI 

jajLUjpball i -Imai j A^lj (J^L^ "U^^ U -0 ^ ^Ixll a 

' i j W . aUS J 1 ^--^ 11 ■» j aja " j ^ ■ a " J^>jjIj " "'1 j J aajll j 1 " 'I J i aa 11 «l_)a.V LpaJjl 

Ajiaa II A£._)iiillj ^jiuiall JJ3^ ^ aSIl J "qjjjaall jlxll Ac^yji (jjli j 

.16.1 aJUJ JsLLxJI 

2_Jj£]| 4-boull L-lxaaJ .^Jj^JI ^l=JI 1 ■ 'J<j" (ill) J^LII J 4. til Jj-laJI (jJJJ 19.1 
f Mill AjJjjaJI jljjVl jtlaj .(mol/L J UJ^" 1 Jj J Ajl^all j 

• 350g/molj 60000g/mol j 450g/mol— j CjIjjja^jj£1I j cjLujj^Jlj 

jl L_L>ljLa jl (JjJi^j (JLaxjuJ i i i , aa II JLa£luiV l&JI ^tjaj 4 u^j3 L_ii£l 

.(LuaLla oljj __)a.l g-alj^j 

el jJI (j^ jl-llallj .(jSaJl ' iia a s-ljJ (j-o fl* 2.0 Lj AjjC- JJ' aaj lililc 20.1 

jLujj j - 1 j| (j-o ^>l jc.jlj£ J£J ^La 0.0210 i_g jLoiJ A ia 11 oiA (j^i 4 jfla i ■ laj (_gill 
Aa.La.j Jjla-aJI ^ (jl ^1 jJI <SI i a] ,J ^J.'^* J 70.0 (J^aJ^all ^ Ai£ 

Jj t( jL 294 csjL^ Aa.U.jll ^ «.ljJJ ajKII Jj 30.0 ^jl^y *ljJ 

JJC. liljJ 'O^A jSj*ll plj^ll <a.la.J AiUilj (g^a J jla * jA (JU1I 

?(mg/mL —j lj^-a) ^-W-jll (^a &l j^l j^Jj L» (i) 

(^ill (mL) (^aiall J_jk-all ^a. jA La j l(mL) j^J^I La (<_l) 

«l jJI J jla-a (j^i ml , 2.0 Jc Jjj^aail j£ja!I (.\ jJI ^ Aa. j-aioi 

? Mj lkaJ| 

?AjLJI aJ j-a JjLa La . 15000g/mol (j jLay «l jJl ^j^l jjjil (^) 

Jlajjillj ojl^jaJI ^lijjl ^_ya j\ i*i j jAj ^jJiLaLttll Jl <lu: 40 s_>aC. (Ja.j ^1 21.1 
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jl Lllil Cjj j3j .Aj^)1I Cjlij L-lL^ax AjLj Allla. ujj .(_J»jJL) jjxjuJIj 

li* juc .jl<> 5882 UjIjLo Acja. Alikcl cAjIaJI ^ .X ^ x~" ^ ^ AaJUj 

^jjjjll .■v j .CjIjjJ 10 'Vj (_jl 'X (_£ jJaJI jL-ia-all £jjjj ^a a (_£jLuij C(_paJ^all 

Jl jj J^x-o j j J ajs £■ jjjj ^ill L»_pLJ1 j ? J jA (volume distribution) 
Ja*JI ja JjjJI Ja*^j .a%5J ^ jjjl 0.1 lsJ^j <-Cl '(clearance rate) *l jJ 

j3 jll X (_£jJaJI jL_imll t_Li-aJJj .£jjjlll ^ Jja. j-a]l s-l jAII Jl jjl ^^7. ^11 

^mall ^tLa JJC. jj^J s-l jAII j^i Aiall ,^3 15 (jj Alall ^ 85 <_5 J^i (-Sj^ 

.^Alaiiuyl 

5 — j jia 5882 i AjjLa-all aJjYI *l jaII Jy^jj 1 " ; ' 'Ajiia. '-^ (fy 

^^JjjaJI jjj^ (J^ J J-alLl lj-^-a frlj^ll j^ jj jl^io La . s-Lall (yi till jjjjlla 

. J j^ill Lai JC. 372 jA X jSjj* B jLja-ail 
f.UaC.1 Axj - ■ oa II *IjA1I Ia$1 (jpjU ^J'A"^.' I jAiLa) JLtill JuSjill jl^La La (<_l) 

?AC^)aJI (_^aJj-a]l 

AI13JI ^ j»l jxjlLalLl I jA^a) - ■ aa j| (j-a <_£ jJaJI jLja-aJI Jl jj jA*-a jA La (dj) 
CjIa AaJU-J oAC <_£ jjaJI ALiaJI (j^aJj-aJI tsjlc Ajl jVl Ac jail A*J (dl) 

:»JcLuw) ?LJ _ja£ (_PaJjJI (jlS lil cSSjIj J^l J' jj J-**- 0 jjLu^ ' 'f- .AjjII 

ja.Vl j» jajoJIj AjjjVl '^<»J (^aII j.^ioil jA La 

(jja-ui^VI jj*l <J^>fa_a]l CiLJjaII ^ J-aaluij Aj_>±a-a jlc. ojJjLi (_£jiaj 22.1 

2jaju j tAlall ^ 18.0 (_s jLoij O2 <j-a Aj-aa^. Aj^uj : ( _ s jLj La-a U^£-a Ijlc. (hypoxia) 

.Alal\ ^ 2.0 (_5jLuij CO2 (j-a Aiiii Aauijj cAlall 80.0 (_gjujn N2 (j-a Aj-aa^. 
(_5_jaJI iaat .^ill (jl (jiljjal . jlill ClLjj^a (j^i (jj^a JSJ ^jjjaJI l^II ( _iuia.l (I) 

.(jjjjj 760 l5jLjj 

A^ajJ (jl j C(jjjli] ^JjLoij A-aaja. L-lLua *lc j ^ ^JC. jliJI (jl (j^ajjil 

^Jt J ja. j-aJI Lui ■ ia3l (jjjLjLa ( _ s Ja*jj .Ajjj-a A^.jJ 23 (^jLoij jja-a]l ^3 ojl^jaJI 

{£. YS jjjlill ^ ^a.jj jUJI (> V ^ . 1500 psig U jl^ia esl jl jUil ejjjla 

? jlitll ^ ia.jj (jjS-o J£ (j^a Vj^i 
J jilj .ojjSj s-Lul jlill (j-a Aj-a£ (_^ajj-a ^^jlaJ cAjjj_)]I i fljl ^- jll j;"'-^ a ^ (dl^ 
ojl^a. A\a.jJj (3^j ^-a 752 (_5jLuij Laj 1 ia Ait Lailia 1 jlill ^a-a (j^ (_H3^-a-aJI 

Ait jlill Aliaj (_ji!l jjaJI jA La . jjjl 1.5 (^jLuy 'S)j^-a ^■j-^ 22 i_5 jLuii 
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Sjl^aJI Aa.jJ -iic A fc^ J iS-^ *?• a ^ ^j^JJ^J*- 4 ^ JaxjJallj a j^jaJI 

?liLoi ?jjjjLu«_<ill (jjjjja II Ia» ■ '— jl j 

^liaj tJlfLall (Jjjjoi ( _ s ic. jja ■ a^Vl J Ujc. jA "Lifkllj <jjja -N dlLailjJI ■ ■ lliajj 23.1 

^ixll plj^JI ^4 ^1 <4& <> j^i o^VI (j* AAuj 13 pIjA Jjxa <_jlii ji x^Ja j 

j^i <-Laa a A im'i ' ■ lj£l jlll J jlxll j . ^Ju^a j ^^Ic. A^uai^. (Jxl£ Jlljul 4jxj 

Aa^jiIj cAAaII ^ 73.0 (_5jLuii N2 (j-a ^Ja^-N <JjoUj t<lall 25.0 (_£jLuii O2 

.AlaJI ^ 2.0 («jLuij CO2 u- 0 
. JILjLjIjS 400 cSjL^J laxjJa .lift jlxll ^JC. c4jjja_all CjLuIjJ! <Ja.l j* (I) 

.jlxll ciiUj^ia (j-a ^jaJI ™* ' ^ 

(jl j tjjjjjl (_5jLuii 1 ^» 4 1I1 ^1 ojjjli (-3 CS"^" jlxll (jl (J^ajJSl (s-l) 
j^Ift J_ja._j^ill La» 1 Sail (jjLjLo j^Jaxjj .AjjIa 22 (_JjIjjiJ J la all ojl^)a. 

? jlxll ^ Jla-jJ jj^a (_)£ (j-a Vj-o . 1200 psig U JjLa S*l j3 SjjjUII 

Sjl^)^!! lie. yz. ya jlxll ojjjls (jl (_pajJ3l ' ' lAjLuSaiill (Ja.1 (ja (ell) 

"<1i1jj"j A J jja II sj^iJI ^-^J^ ( _ s Ja. L_aLiJI «lj$JI (jja 1 aJ 1 ■ la-jj .(jJJ_aaJI iaat 1 iall j 
La3 1 -a a II JJxj 131 ?«.ljgJI (jjajuij (jya. a II _j-um 1 . n l_Li£ ."Cjj^Lij s^Lijl e-LaJLi 

?jjxill Ajjlall 4 u.i'ill ,_A 
(jjjls JLaxluAj (_5Ajjj1I j ^Lj^jJill j>^ll ^ (JaAall jja ui^Vl ji^JJ Aj-^J (j^J 24. 1 

Pi =H,C, 

C l J '/ (jj^-all (^^)jA (jjjlS CijIj jA H j J li (jj^all ^jJ jaJI i^ill jA jl LaJ 
CS^ C3^J 95 jja m^U ^jjjaJI ^ii> >>ill ^jLjj ./ jj£-a!l (J!5Laj| jiSjJ jA 

j;-> 1 n^^U cs^)^ uj^^ cjjIj (_5jLoiij .ajjjII ^ (jj^j 40 j t (jLj^juJI 

.sj jjVl j jjjlj^ll (> JjS JjU jla. .0.74 mmHg/(^M 

Jjiall Ual jC.jjLajj£ Aiaj^ljJ 0 j aVla 0 jL-aC ^ jjj£Lill jj£ jj (JjiIJ (_J ja. 25.1 

(Doran, (high-performance liquid chromatography HPLC)JjI^I 
(_£ jjJI (3lali» cib^ySj .Bioprocess Engineering Principles, 1999) 

(_£ja.j jl^jaJI ojjlxxi Ajxj oXojxa jjj£jj (JJla^i Aj^-oaJ ^^il jC. jjLajjill lajaa all 
• 13.1 Jj-iaJI (_ji gjUill ("u^ijC- j Clllj-o (JjiL)3 JS jlj^j 
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( jju J^aiil) ^1 jftjjUjjiJI hli^ n\\ jjjluJI jjS jj s jjj JjLlia :13.1 Jj-^l 



0 JJ^l (Jjlalia 


(g/L) 


57.95 .57.01 .55.55 


6.0 


113.05 .114.76 .110.66 


12.0 


173.55 .169.44 .168.90 


18.0 


230.67 .233.89 .233.66 


24.0 


301.11 .304.56 .300.45 


30.0 



. uill (J£l (_£jljx-a]l l^il^ijlj Sjjill JjJalixi iajojjla ^IJ 

.^^kl £L,<ilj^)J J (^j^jLo j| (Jjoi£I (Jl at u ,il 
. j j j*^ i nil jj^jjl IxjIj a o JJ^H <a]alaJ Ajjla-a (jj£ (til) 
jj^jj jljLa Lo .209.86 (_£jLui5 OJjj <iial<i jjj£uill Jc (_£ji^J AilC ^ 1-iiM (til) 

y l ^ jfl J ^ L 

S-IcLuia] (jLujYI j*"^ J ^jj^ 3iAa (' ■ U*JI j^i . jj£jlc. i lltj aa^a J,'jk* 26. 1 

(dil jja_jjj£ jAj) (dextran) (jljLAij Jc. ^j^ji <^lj£ JL«j^I 

(jjli cL_ii*JI ^jc. aJU .(concanavalin A A) i .1 <jjl1iU£j j£ j 

ajij laJJjJj (jl j!Llu£j^1I ^JJJ j^. j lie j .iajl ^'J* ■ «a (jJUljl£jj£]l j (jl 

SjLuj'yi sAjoi iaJJJJ (jl (j^-oJj . (jJliljl£j j£]l ^>JC. -^-Aj' *— J ^JJ*^ ' ■ 

5. j. 1-11 J l^jlijj .jjjiaiJI (j^i liiii. Ic. (Ji«J lift j ' ' ■ U»JI jj£jaj 4jj_jlill 

j-aj] till f"' 3 J ' M (TJ" 1 ' 1 (j-" t — 'I ■/'"■.'I.'" ^ * ' jl I LaJ i aJ 

jLa. (Jxxll j - ■ II (j-o La ^ ^ (jJULjl£jj£ll j jjljqmSj ill Jc j"'^"' 

4_uj^ia]l tllULull Cla ^-^ t jjn*s flll Aijiaj ^xjj^l ^mn t_s^ 3 . Alj^LJI (_^jA^ Aj Wil 

Ij laal ^jLoi ^jLloj^ (JjI^J '(J'"*- (JLaxiojlj ' ■ uatjl .Ajj^/I 

.14.1 J J^?JI J OliLullj .ISjflJ IjjAsj j^l.iII JJ^JJ 
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(mg/dL ) t-u*J) jjS>i 


(mg/dL ) i_ujul j^s> 


5 


4 


12 


10 


28 


24 


64 


65 


100 


95 


150 


147 


240 


256 


352 


407 


425 


601 


465 


786 


500 


982 



^j"^ all Aj3 ' .'„' ^ (gj^ (j-a J 7- all jA La .dlULull LuLu I UUA, ,> ^xu:jl (I) 

*'->■ Lali <ja JLa_a]l jA La ?,gjLlaj£ll (Jjl^jlLl jjaULall 1 ■ <*'» 11 Ujaa 
(JjlaaSl J (jJJLall ' ■ uaJI j's.ii Jy^jJ Cjljjij] 4 ^j"^ all Aj3 &j 

.<4tt jL ^L-^ll 

JU-all jA La V(hypOglyCemic) "^1 JajJA" ^llaj^aJI ^jixj lila 

2 - 

4 jj£ jj-aj^a bt_a Jalijj'VI ^jit oj-lLa iiUj-aJ Ajj^li] jJI <C j"-^ * (jl (j^ajj_l (dl) 

£-a iaLijjVI ^'j-" J'iC L-jj-iaJ 1 ■ Ux 11 (j^i .1^1 j (J^jj^j^i (_5jLjjj 

J£J ■ ■ Uatil j^m 

? J-Lm31 ^ _£._! ^ liA (_>a - (JLaxjjoiV ^ -S a all ' ■ lHHall j Lsl^)- 4 ^ La 
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JaliaJVI >j1La-2 



^Lukill jfcVl 1.2 

c. ^j^a i a^aJaLall Ia^C (j^-aj 4_ixj^ijj ^jjj aJ • 

laaau^a Uj_)*j 1 g SaJa aj lAJji^j p LajAYI <La jJalall i_aj^)XJ • 

JAa ( _ ? 1c. (_£jiajj ^^lill - SajSI Jjiajj A n* a "Lajlila] ^LojaVI ^y^aya Ajia^ll S-laJI AlAaj • 

S^^A^a jl S^adjoia A-iLa^ 

Sal °^ (jjj^jS jjlalaj Aj^Iij • 
Saitoh I <JjU-aj j^ll aJjU-o jjj Jjl jill ^ jji • 
(JLaxiail j t<J^JaJl j aliHSI j AjLalSill Sal to ''VI j j-a]l LllV^la-a (jJJ (Jjl _jill * 

Xa jU'lII luUI aHjlJI 
cSjltlidll JJfcj Ajltlidll ^Jajllj c^Jj jx-all j Aila fill j "La. jjj-all -Uiti jjj Jjl jill ' L a j • 
AJLiJI dllj j ajjxlail -Uiti j ( (JjjaJlll 4_aJ.iC.j <S1 Sail ^1 _jjl (jjj La ^ Jjja^lSl till j - j 
. L_ajjl*jll oiA (Jl ajtAuiLl I aja ■ a LaJjSj ^Sajll ^aJjiij .a j°,"im<ill 

ialiaJV! 2.2 

(_£jA _«a. a j^La jA cjclijll jl (Jjjaall jl 4£j^JI s-Lul ^Lijjill jljLall Jaia. ^I iJaliajVl 
(_)-ajj (_£-^l) <J"^' t^Sj-al \; ^j^j'^ 1 , "1 T~ (Jaltojl J_J^lxa AjuJaJ 4-aJ . ^Ixllj 4 ui ^ 11 ,j 

^Lljjall iil jLJI ^1 jj| JS3 2 aJalall jjjl jiill j3 jj t(Lulilj jjSll ^ -111 jjJ -1 lalj^l p Jc jl ^^Ic 
.<J.}a. jl AjjIjUjI L_ij_)IaJ 4jjjLa ' "'1 J' ^..'J^ (Jl «nr"l i uLl (jjjljsll oiA jj' " ^ all ' ° ' — Jj Ljl aC 
Sal °^ jVl (jjjl j3 (jjJJaJj ja^a tJ^- t4jjjaj| 4 i a ^ II Lj-la j t4-u II (Jji^ (j-a JJJ^ (JjujjI j 

AijjJaj <il*-a AjjLjjjS jjjlLa ' L^a j (j^-aJ Ajl /jj.,. ^11 j f.Lait]| liljjl (^Xa ^^it j 

^LMI jijjj (_j_jjLa jntj 4 JIjaII Jj;' a ^^it jj^lia ' L^a j Aij^jJa jc- UK alia a 
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'ijjj^JI Ajal ■ call ojall -iiJ^)^ __>jic. (jj^ll _>^ljl Lp_£H J?^ ' "j ^ » ■ — J <_£-^l c<£^)al] 

_j-alaJI L_a_jjijj£ . ^»a._}]l lalia j| (j^^ (J -0 ^ ' ^ ^ ^Jla. c<C.jLuijj (JJJJ - ■ ,J 

(jl L-laJ s^ac 4Ja.UI AjKII AjaJill jl C£ ]c. (j-ajjj c 1 845 fit ,J ^ij ^ill jlillLi 

Jal 4 ja uJl ialiail j» Jg°" ^^Ic. tlij t"lir iJ-ij aJjUca jA il^-i-a Aa.jlaJI AjKII ^ la uill (_£ jLoij 
i " llj ^ (jjjoi^-all j «.LolxJ) jxaC. .13 j <(jjj3 o-^C (Jj3 lillj Sal ia iVl ^jjjl j3 ' "<!'«; 'I-* ' " 13 "_J~- 
oi& tjjJ^aJ .A^Jalo alia j| (jjjl j3 A » ■ J 4 U, J SjJaia ^J**-" _P ^ °^ 'I _ja.ll* 

4 1-> i nil j C(_£jl jll j»a.jJI J t^^aaJI (»a.jJI J c ja^jUxJI OV j-aj Jj£ J iAjKll 4jj£ll ^jJc. jjjl jail 
(JjiLuiV) _jJ (Jot'iiu'i CjIjA.}j (jjjl jail oiA llja y Jl j .AjKII <aUall j tAjfll i all 

.Ajjj^JI , ^.Vill ^Laa (JjLuiall (JaJ ^jAjaJI 

al lax ail Jaliaj^l dlV^la-a S u , ,.l jj I j > <iLj j IgjcLi^aj ialiaiVI (jjjl j3 ' Lua j (j^aj 
i3 ui ^ II J jia. £Aaa. ^ SJJJ^ jUa dllLuiaJ ialiaiVI (jjjl j3 dlLajLLail .13 j .4.2 ^JaLall 

A^YI ^ JlaaVlj ^1 

(j^ajVl (^fl cLail ill j3j JJ^Sj • 
AjjjfLLall dllili^)]! ^tijjj -j a ■ aij • 

' I g la j 4(_iaaJI _j-a j/'^ ^jAc SaliajVI (jjjl j5 (jj;l-"' ^ . aSHuiliui I ' ■ lljall IjlA 

4 jla I I g I uj& lHjIj^oj! clllla-iuaja 

ClLalL^a (jl ■ aoll 
ajgiaJI Sjl^)a. iajJA 
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dLjjLUI 
4jjljjg£]| CjIjIJI 
A u'jr-VI ClLj _j-a£ 

i ■ tl'^tl liA .33 j Sal °^ "U-llx^i (j-o 4_La j^c. 4jt-iJ-a "U-ilx^i Jl aatlmL 

Jjjjlaj Jc. SjJjii 4JU jA j iialiaJVI (jijl j3 (j^i (jjjlS (_K ij."^""' (J ' " J 

.Ailtkxll AJJJ^JI 4^.%]l CjVL?-a J JaliaJVI J j-aSI Cj^Jllx-a 

4 ajlalall ^ AjxLu jjI! <j^t jiJt c-iLuia. 3.2 

^La.jl (j^-aj tig 11 -IVitt J j .4jjl jaII (JjjLujI Ajxjoi jj]I jj-llLajl jl pLnjiVl L-lLuia> (JxaJ 

(jjilLa Jc AoJaJ 4j*Lijj]I (j-al _aaJI (jl .<jjlj^J! dlY^la-a (JLaxiailj slinll (j-al _ai. V 

:<jjl j-al] <US]| jjII (j^al _o=JIj JjL La Jj .(1.5.1 jiaLall jlajl) 4-a jlaiajl 

AjKII Aiill 
lol jaj ^Us-Vl 
Loljsl jj-alixll Jj£ 

Lol jjj (jjiUakVI ClV >a 
Lpl jlij J.r^l 1»ll CjV J-a 

2 .Ki t AiLkll 
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2uj!j=J 2JUJI 

2 ,<,K,,i i AiUJ! 

2 la j ^11 2 ij| 2jajjJ| 
2JLJI 2^lj JS £]| 2 

^jljSI ^jll 

2jjja. 2x. j"^ a t2jj|j^J| dlVjl*-a ,j ' _ (jl (j^aj 4j*_uijj1I (j-aljiJI ojlA ^..'"T - (jj 

J Ajaiaj^ill AjxjoijjII (j^al _aallj 4_ajli JL; La J .Lajlj 2 La (j^al ji. laia Ifria 

aa 

2jK« 2VK1 I 

2«<"-i. all jj^aliaJI Jj£ 
2 alia all jir^l'mll dsV j-a 
2 ,K\ I 5iUall 

2 i l , 2 *,\ \ 
J^ll ^jll 
^jl jSI ^jll 

2j| jJ Jc. j £ _a j .Uwl&lul Jill 4-lualaJI JjJ^J U&J tJaU-Zll ji 2jj| 2_taU_a 2r.1 ^.1 
^Ija^J iJlfLall (JjUjoi Jc. .») jiaVl j Jll j^ill 2£^a. i . iSauj aJalall 2jj|j A l| 2Jai. jjjjlajj j» JfriaJ 
(jaj^Lall »Ja3 j AajajjXaJI ;»jl _jH'j ' ' . ^• tta <_S^) ^"-aLa. ' ■ uS j jl £JJ jj a JJAa 

(_jill (j^jll J '•^_ 4 -all 2£^a. Akjiuz JJAall -liJJj (j all jjlijj (J^Jj Jill 

jljC. Jc- 2jj|j^j jj^laj jjl .1.2 (JjAaJI LkJf* t<alja all Jllj-all ^jjjoli 

^ jijj <j ji.^ jj^jj Jill dllj _aa. j-aJI l ■ ItoJ (j-a JJ^-all (_£-aJ (Jj.1^11 li& (J <Luall all 

. <Jj| J j^jaII lilt Axl JJ^aJI IfrLaaiiuLl Jill ajjJJ'"ti 1 J i aUj ' '« ■ aij 2jj| Ci^Ajla j iAAa 

cVjl 2auJal j 2jj| jjl Cj^Ajua CjLajoi (_>a*-J ~ J ■ aJ cjllall IjlA J J^S-lill <_£J?-J LaAic 
2j jl j-a 2JjUt^ i . 'i<' iT,< | ij .sia.| j\\ 2JjUcal| J J jjJI £±a^. J L^jaiij 2j, l-iLoi^. i— laj 

'*'■< lilj .2Jj^ula jjlijlll j jLLiall (Jla 2oja.Ua jail jjSj V ijji-all J (_u£13 Jill .11*11 
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A JSLu all (jL-a^all (_ya (JS J^C. ^Ij-i) ^jlc- '" A-lKl! (jjaiLall" Ajjl j-a <U.lljt_<i A_Ja_oJ 1 aj^ a 
lAJ_jjj dlli^j (jj^J (jl '.'~J iA'ii- « A j . al a (JJ^j .liljl^xj Ajl^sIjj]! jjL^ixi3j 

(jja. j 4 SjS jj^lLaJI £JAa. (jl 'AJj£ Ajjl ya (jJ^ t (JIaaII tjj.'"' .AjjLila 

i ■ la-j CjjjXA ^jLlsj^ (Jai^i 4jjl_jA (jJ^j .AjUa jj^lLall ^Aaa ou (jjSj (jl ' . J cAsUall AjJjIja 
Ajt' ii jllI (j^aljiJI ^^Ic (j.'^'J li& j A 'nx i ^jUai^II II liili (Ja jjjliall OJ^ 

•cs>Vl 



AjuaLaJI j»J^ ClJ*- 4 ti|jj»^»JI :1.2 Jj-iaJI 























Oji*!l 


L)ji*!l 




&j^l 


0 


100 


4900 


800 


13 000 




8/20 


10 


25 


300 


150 


1000 




8/20 


100 


25 


15 


0 


400 




8/20 


100 


25 


15 


0 


400 




8/20 


5 


100 


4000 


200 


8 800 




8/21 


0 


0 


300 


0 


815 




8/21 




(J£ Mill) (jj^ll AjiJ Aj\j L_ajxiJI I * Lua * (jc <L^ail<i ^^A j i ( I ■ a8J ■ 1 £ &a " sjLa jja <La jlaiall 
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. <La jliiall J j^a. A la i "I ( 1 .2 

^jit IjLaJC-l AJLuiaII (JaJ jSJ (j-o <-o jialall l_jjxjj .<1Ljia1I k_a JJ^ J liijL-ial jilal JJ*J 
(jja. 4(JlfLa]l (J^fui ^^Jc .1.1a. a j\i > .o jl 1.1a, ojjj£ (jj^J (jl 4-a jiaiaU (j£-aJj ."ULuiaII ' " il j ■ a 
j' iaC jl t Alal^J - 1 "-^ il l^ilj "Lajlaiall i__ajxj t(jLjijYI ^"Q ^ (_£ j-ia ^jLlsj^ (Jcliij tL-aSluil 
J.^; jl lillil (j£ajj <(!ilia Si jJI) AjlaJI lilt 

.(2.2 L&UI) (^jlaJI 1«>1JI O- la ^ iaL ^1) (.5 ja-Vl (Jjl jlaJI (> JJ*J 

Jo^jVl (^1 




a ,„mq^ & aViA. a ( - il , g ^ :2.2 J^**ill 

Silverthorn DU, Human Physiology, 2d ed. Upper Saddle River, NJ: Prentice Hall, 
2001. 
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J i Lua ' )J f *^ '' i—llkll L_iMc.j cs.lc._jll (jraj a (JjLjJLj "Lajiaiall (Jlajj ■ " Ua c^^^la.j 
^_jj]| j 4jla SI J 4 -j^'-ll Ji aTi clua. t<jla jl ^ Laj!MJI e-Luic. j t^^cl all 1 ■ llSH J -La jJalall 
(jl Jj-liJI o-l^J (j£-aJj c<ULuia]I (JaJ ;»jSJ jj-a IgjjxJ 4jJaljJ£.| Jj-li. jA J jAaJI (j-o ^j-jljil 
i A ^jU'i^ll j Aljuall tllli j i fil it II ^j^-^ ^^Ic i_£ j'i-v* Ailala jl - 1 II (jLaJ LuLjajC lauaLa 

AjialilcVI J jAaJI A T\ J jj« . J jAiJI lillj JJC. ^LaAkVI ^ j^i Ajxjjj j!ill Ajj-aliJI 4£ja. I » La j 

A*ajli (^jftjll jl^?JI 4a.iaj u] -*l**Vl ^ gjc-jll JaaJI (> 1 cmxl cmV^I <xa j 

,j-aj .OlAi.j £fui |j-a cSjJa. JclLa ojjjJjoi 

S^ajiilall JjAi. JAaJJ i^iLuJI oj£a]l ^ sjj^XaJI -Uill 4-ajli (J-aaJ La .dlfcj ^ j3 1 a « 

Laj^JI 

.AjjlaJI 

(Cjl.la.jll jl) ij.la.jll (Jj*J '"'J - *-.' 4-^4 "Lajiaiall L_ij«J (jl Ija. ~_ "II j^i iAJLui-a (JaJ Lajja. 
Jjl 16.2 J 15.2 jjlllall <^fl jJajx-Lj) .l4Uj.ll ^LaJ&VI £ jjJa j-a (j| jJI J) ojLall j 

(jl .(<La jJaiall JJC AjxjoijjII <Jj^alaJI 4£jaJ Lisjj <Ljia JJ*-1 (jl (j^-aJ "Lajlaiall Jj.la. JJJXJ 
. <il ja^l IjA (_ji jeLay La Lllc. I g La-la a jjJajj Ajlc. CjLa!ilxll jj <La jialall UUA. ^ ^ajjjj 

jA l_Jj£]l (jji^i (jl (JjiLjiI aJLolaII k_ajjxj (j^-aJ tAx-aLiJI 1 ■ u£ (jja-a (JI!La (^ji 



2 1 1 jjjjj 



MjS :1 
4j^UajS :2 
oaj*a :3 
4jjaUj (_>axaS :4 




joUUll 4 i3 »2 il 5a 
c T j^Lkll4 <3 .2 d 



a^LL Jj L_iiS jjjj ^ill a^LJI t-ilSlI jji-a ^jJ 8/20 ^ aSj^JI :3.2 JiiJI 



^jj (jja. j ( I j iaia a (jc. <-a jlilall kalaJI iaaJI (Jj-aijj .(3.2 (J*^ 1 nil) jaLajAVI ^ji^ijxi A^i jJalall 
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^jja I&3?" ^ J ' — * J ^ ^jlV^lt j| ^a]! ^pUu ^j^a-all ^a l^a-l^pjj 4 i, J U^'a\l j ^aj^Loilj ' ■ li^ll 
jjjoijj JaJa. all (j^i 2 -vjlv^ll JJ (Ja..lj t Q J) •Sl_j<»JI 4ja.L2 ' ■ JaJ (JJa.j iaja all 

."Lajliiall J j.la. yf~ jlj^JI Jj -3 i 

2_taU_a j l al V. ' ■ laj . Aalaj Sia ' c4jjl j^o 4_taU_a tljJa.1 

jaJjilj (jAalg-a IjS Ijlj t Aj-alaJI J L_lj£ll £JJ (jji-o (Jlia J ^ ■ -»*' Ajia^ll oAall (j^u-a Ajjl j-oil 
tjUaVl (>=*J J j£3 j LajJ Ajiajll SJLail dljl£ < j..U,„r-.t 20 J 2£jaJI 

(_ya3U ^ . J^aJjoiLj (J-axj <L« jjaj aj a i la a 4j^-<0 o-la 4-a jiala (jjj (jj^ill j^J^ ' . '* ' (j-o 

4 k*^ S (jjj (_3_)ill lAjliltLj ' ■ bmajj a la a Aaia^ll oAallj < (jjla i al j Ajlgij AjIjij ' -Uiti 

^■Ji ^ '<_SJ^ *^*' <_s^ J ' , pj'' " (J^- 0 J J^J^" cs^" ^ aa AjI^JI 

' i i a j CjVLsJI o^A ,j j»iiLa]l (j^i . j-iluia Jt <La_jiaiall (_iaxjj cAjl^j jl 4jl-lJ L-SJJJJ 

AjI^j oAa.1 _jll i_llill 4 ■ ajjl .lajj Ajl (jJ». J .L_llall t j'— lillj (Jlliaj .tja'inm i^jLj Ajia^ll oAall 
(J-axJ Jill jjaill i a i a jj . (j^i^ll (j^ eAla^a JJC. s.la Jc. (j^auilL j a"i > n j i ■ llfljl (jli cAjl^i j 

.(differential equations) AjLalidll oV^U-ail j cJ)}"±*^ Ji^xlJa Li^Ijj Jj£uL 

.JjJa^I ' ','J*' J^^- c>° 1 g hj^ flj ^LajIoIaI) ' "JJ*"' ' . '7-.: * 
jlalall (J^xi Aoiaj a±A Ij ■ ■ la-j • 

lJaI) jJal* 1.2 jim 

CjVj iajj 4_j3 J^'iir'i jjj i a ^Li^i jl^-^ i ■ llaJl (_>^j aJaxa :AjLuia 

jxlaC dtsJj jAi-all ^3 ^JalaJI ^jjj .^alalia JJC. 4 ■ ajj (jj^J ^ alia ' ■ llall 

SjjUaJI jj-a AjjIjj^ dll la ui jjl^luJI (J-aajj Qj^LaiJ ' ■ Jail J (Jj^ajjj cAjjliaJj (J^i*jj coj3jj1I 
.L_llill (_>ajj ^jjljj^ll (jj-a^]l (j^ajaj Ciia. jl^aJI (jjiailj t ■ JaS 

toia.lj AjJajj (j'-* - .'J' v *^ 4 1 air "u ii all (J^ajjll ^]ala (j-o •Aa.jLiJI AjjI .'Jg^^ ^ ^lijl 
. l^jlc dlLlajaull (^-^J tl g Vij-s a j j^a. j 2 ^jU'i 1 UU^. ^ ^uijl 1 Jill Aj^aLaJI 
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(J£ Mill) ^Jalall L_a!>lij J jAall i—Sjaj j t(i_Jk]l j ^Jalall (jjj ^jjL-al (jj£Lull r 1 ■ J j) ■ ■ llSlI 
a ■ "7- N 4jSjj ' ; j (jlaluJI Ljia j Cjxlalall ^J^- 4x3! (_K Q * ' *•**',' J -(4.2 

IAajV <Laj!iUI 3 ia uJI t_aj*j (jl Jy^jj liiY oAa.1 j ' ; llS 4 ■ ajj Sis Ajia^' SAaJI Lai 

.o^a.1 j 




.i_JilL J^jj^aj^ i_ilsll (jiajjl jJala :4.2 (JiuJI 



(j£oj 4j1 <3A-a (John Hopps) (>ujA jja. *Lj$£]l (jaAi^-a i i i nftl d950 plfi (^i 

e ij la »31 AjjUaJI (_LiC. oAaj JJJ^I jLj-aJ ^a a .^llxJI ^ j'-- ill -Uii« J j| 

jujia l ■ llsJl -Uii^\ ^j^L tJ' """.J (^J 't5 J ^ a ^> < ^^ (J ' "-^ (JJ^uiLa JJC. 

.(jja.1 jaJI (jx JjjjS tjllij »13 jja 1960 fit ^ jLajVI 



jj i (Wilson Greatbatch) JAshji. jj^j j$i ^ 



(Jilia. (_JA1I QJ) 



All / pjAAg-ail 



<La jlLa 43A^a (J<it"imiI c<xj_)jai]l ' ■ U9j| dll jj^al jjja i all ojl^ (_Li*-s (jlS I aJJJ 4j| 

. Aj^all ' . ilaJ) £^Ll;Li ^ i "Ti AjjLj^S '"'1 ■ '— CjaI j Ljil i a u££l 4j| jjc. lAaja ■ a jjc. 4 

4_ajAC. cUa 11 oAjAa laJ jjjjaj ^^Ic. (jSjLjjjC. (_Lj& t4ja.V dll jiui aAC (_£Aa < _ ? lc. j 

ojl£l)l AC. Lai A5j . i—ltalil J jC- jjSA ^a a J ^jj-aJ jLj-aJI (j-ajlij ^^ic- j ( - jjijlll tllljjjl Qjt 
4a«jila]l -»*l Ja aj1»*iuil (j^i -»*'^" La liAj tajadla j^;'' tfi J& ialiaJI ^^Ic. ^^jJaj-all jjiL^La 
QluiAi^ Aj^jall Ajx-aaJI dl^)JLJC.| c 1 985 ^Ic ^2 j pla-i aVl jLatl t-Jjlii lj-at (jjjjxll j 

lAa.1 j (_iSSll jJiia (National Society of Professional Engineers) ^ 

.4jj^aLa]l 4Aui (jiuiAaJI (JL^La. A^mAiA CjI jlajj a j.'iir- ^ 
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(theophylline) jjLa jjulU ,y>jA\ ^jjjII JliiJI (j^j-u i_iL^a q^j* ^JUj :4Jtuu» 
fljil jJiii (^jjjjII (jiJI <j^ J] ' J^J -0-5 mg/min J^»j Jj^Uj Ls-iijj (ji>=4 ^ill 

. ^LooAVI ^jjJajM AS^jW oAall JA^j cL^-ilc jannll 



4j ^a^l Sjj^l 



















r 

^jaW (_SjJjll JjliiJI (J^a^ AjJLlaI (jjlj2jjiill s-lj^J JjjjjJI :5.2 Jiuill 



tjjj <La jlaiallj .(_pajj-a]l Ajj g-jn'i J (jjIiS jJjll Ai£ ^yfe ' _boi^LLui jll ** j nalaJI I(J^t 
Clliijk £-a 4£tLo 4j_jx.lll 4j& jVI (jl . i—SA^Iuiall jj^axJI IgiV '(5.2 ujll) (J^ijjaII 

lillj (JjlaJ liljl^olj (illi £aj '^-ic l^L^a3j 1 t Jn^ Ifra-lj u£ ' ■ '» ■ all (j-o j c4jjj_)1I s-I _jgJI 
jLjj (JjjS (j^i cs.Vqir a LaAj ajj (jl .^LojaVI ^jj-ia iaja all Igjl jliiclj 4 ]sHui a a j^- ^ « 

.AjuLui 4,u<i Vift AjojjLla ji> jaJaa all J (J°"' 1 a a ^laj^cu I frja lajj c^-JI 

Cj|j Ajiaj oAa Ij (j^-oJ V t j-aioLall (_£.ljj_ail (jiLa 11 j tjj aaj s.1 j-lHj JjjjjII (jl Jl I jiaj j 
(j^i_)ll (j^i 0X0 (_jAa (Jt Jiuaau elj-lllj Ajjjall (jl jliltl jA <Ux3 (j^-*J L« (j^l '^J^jj 
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.<x jtlftll J jjo Si-all :6.2 (Ji*m 

laliaJVIj Ctf&u* 4.2 

5jj^aLk]| ^£1 jj j .^M^'.,„l j Aj] jj j a£j^J ^JaLij i Lj^aj AjJlj^S <UjU_a tljyAajj .(6.2 

L^jV^*-<Jj 4jx_uijj1I ' ; uSj j .^LojaVI ^^jjJsj^i <Lo jialall AjxjjjjjII 

2,K1 I 2JUJI 
2 XyKj.l t 2JUJI 

2 jjl <S1 Sail 

2JLJI 2 ij| 2jajjJ| 
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. l^jV j ^ Ua^ Lall 4_ut_uoj!lll (j^al ' LuaJ 2jj|j^J| "U-llx-o j,a 4 i aj aaJLa 4j 1. ^ 

Jc. JatiaJVI -cs^ V j Jjjj V ^11 2_j^UJ| ^ AMa-L»il AouaUJl ci_ajj»j]Ls 

4luala.il d\JJul) j»CjJ ^j-iij Vj ^2jJJ V tgjli cAiaixla 4j*lu jj AouaLa. jjiu 1 : (jr^ 
Ifria A<\g,,i\ll 2_Lia^ia]l j£l t<iaaa La <utlu jjll (j-al jiJI ^,j<\> t"u.nl .iajJVaJI jl 4 tjjaj »1\ ^ 

Loljij jj-oLi»JI Jj£ 

Ljjl jj] j.r^l OV J-a 
2 ; 1<U 2JLUI 
2 A \ , 2 *,\ \ 

^jl jSI ^jll 

2^0 jki.ll J 2jx1i jjII 2jj^aLiJI ^1 jjj 2£jaJ ' '"■ "* j laliaJVI <UjIx«j 

4jj.aLaj| tljjj jj jj jjLiLuaJI iiAj Jill J j la II Igia ' ''■>' ^j| jaj ^LajA^I ^ jj-aj^i 

CS^ ^j) UJ^ <_s^ ^ ^ w " j' LkjIjLa J.!*1i ^ tAjai^La AjxLjjj 2 j, -.1 4. jjSu 1 ajja j .AjxIjj jj]I 

t il ■ JJ»J 4_aJ (_jjiJ 111 1 g jaja aj 2 AjLj L_ijxjj t((_£jjjjl (JcliiiJ! 2Jta. 

2j!tLj jj 2^, a LaJ (^JSII jljLall jiJ ClLaKj •(jjSi! <_si 2 U.a^ 2_utLj jj]| 2 u t*l]j j|jLi 

£jLi]l JaliaJVI i_SJjaj (jc. La Aa. Jl ' »^ - t_SJj»j lifc j . jj^ll J Clulj 2Jai^ia 

2jjL^aL> (jj^j Laiia. t^ljjja]! ,j .22jIj 4_aja ,jk jjII 2jj —1 II a a a cs^*^ 1 " '«-Ljjill 

(jli < ' ■ ltj£3l IjlA ^ Lai . JJXJJ V jlV.JI LkjI^La (jli t2 l^a^ Lo 2_a jjila ^i.^' 

AjxLj j!i]| 2a, alaJI (jl j cCLdIj ^LpaJ^a j 2_o jiiLaJI^ (jj^ll /«3 jl^LaJI (jl ( _ S -«J * " ojLc. 

.l^JJ iaja all (j^i ojLall (Jaj 2 ^jU'i^H ^£1 jjj jl j^aj 

jjj LjJjLj (j^-aJ AjI Vj ' ^ jl JjJ (jl (j^-aJ V <Jaiij-a]l AjxjoijjII 2 j i al a SI jl ^Ja ■ 
2jal£lLa]| 2J jLjaHj Ua< (_L^aaj jl AJaia-Lall 2jj al a II jl jLa JJ*jU (jSLy j . I g laja aj 2_o jki.ll 
2-a jlkia Jl 2iLjaJI 2Jj£ll Jill JjSJI :2jK1I 2Jj£]| JaliaJl jJijl kja all j 2_a jJilall Jjj 
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jJL^all jljlLall jl^jj 4<1UJI o^A J .ALajhiall hj^ all AaLxj ^ill AjKII Aliill JjlLa yl^J 
J Allill Jill Jjliall JLjj chj^ail J IgJ Jill JjlLall (J^SLilsj 4 A- jhiall J AjKII aI&U 
4jli£ Cjjljjl 4(_£jli. Aj«Ja3 (J£l Ijl aa uij Aijx-a "Lajlaia ii. 4(JL\all JjAm Jc. .lajlj 

(_5 jLJI AjJaS jV 4 Jjiall (juiij J ^° " k}a all <li£ jl Vj • <_£ jl^JI <*Ja5 <li£ jl^LaJ 
Jib V >VI *Lu&l J£j eg jlaJI AjtLSj t>a auil| ^t) (jj^ 1 ^ V t> 

.4_a jhiall Jl iaja all Ja (_g jla II AjJaS (JlsjjLl 

(Jl a*J-uAj IfrL a j ■ ■ ia-lj 4_ha^ia db ujl (jaU^VI (Jj£ jU 44jK1I *Uj£1I Ja j'-- iiill Jc. 
aJj^II jl^Lo -il^Jj 4jjj*-a jl J aj£ L_i£^a ^LiiY A-a^ahia (Jclij tjj aaj I ajja .Ajjjxi Al-lla-a 
(j^uaJI ^ SjS J 4 <1 1 JJ*J ^J^-J Jj '^^jj -(jjSil j A_a jiaiall Ja (JS J (jauaJI liUil AjsI i all 
(j-aljiJI Jjj t_J ■ raij <_£^ll jLw-all aji all Ja Ail 4 1^°^ la i'l.M (j aja II Ajj£ j]i 4jj£ll J 
(jl (jS-aJ ' ■ luiaj (jl JVaJ Jill Ajxlu Jill (_)^al jiJI ^xu. jli 4 Ij^tjll j . A_hi^iall JJC. j A_hi^iall 
jll iaSa (Jk (jj^ll J JsJ Jii V jll AjxIu Jill (j-al jail j .<jjlj-all AbL*-aJ ( i. <-i jj 

' Lua J) (jl (j^aj 

• jj) Afl j 4jjlj-all J ( (jj-a j^j-all (jjjlA Ui aUj jLiiiVl jtiljlla-all ^jjJajJ 

^1 Jill = d^VI - Ajljill + EJ3 J - JioS (1-4.2) 
fSI Jill = c >ll - JiJI (2-4.2) 

Jiljla-a Ja JS J f£>\ Jill jl^ia UjJaLlj A^i jJalall J AjjIjujVI j AjjI j*'VI jJ^lLall I a ■ aJ j 

f£i jiii = ji^vi jji-a - ji^vi jjiaii ( 3 -4.2) 

(J-aij La J Lai .Ajxjoijj A u ^ (_^V Ajjl_aAll <l^l*-al 4-aLtll AJLiJI 7.2 (J^jill ^t'siji 

.liliL^luil jl Ailji (Jj^aaJ V 4AjxluJill 4 j i al II LjjS laia '* (Jill A-a jiaiall 

iLa j hi all Ja AjxI, Jill Ajj^aUJI Jliiil Jc. (inpilt, OlltpUt) ^ >ij (J^J jUlhi^nll 

jl , Vj a Ljj3 J_aSj Jill CLlV^lfall J ° i aJ LaA j laja all j "Lajiaiall Jjj Lpl^lxa jl Ljjllj 
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^ jliJI jl Lua ait J i ^„ J i<^\l jl^Lal] LijLuui l$Jj j! <Lo jlalajl (j^i <U jilall AjxIujjII 4-b al a II 
(J^liLall <J« in jjll <±nalaJI jl^Lo LjjS (jj^J dlYLa. I a ■ aJ (jl (jja-llaj a^II (jJ-JgJ (j^aJj . 4a« 
iaLajlj J' aaj (jl AjxLi jllll 4jj al ~- II (JLlLul j AjjLj-al (j£*Jj . <La jliiall Jjia Jt Ijjljia 

AjxL jjII Aai alaJI Jijj 4<]laJI oift J . <L<Uu<A S-lLs -iSja-j Ajxjoi jjII 3 alaJI (Jij <j^-<y • 
S j£ iaaj3 " jliiS (j-a Ajj£-a Ljjl Jc <-o jlaioll LjSjC Ijll l^LUi .<Lo jlalall J jAa. JJC 
jliall A-o jlilo (Ja.1.2 JjAaJI jj£ ojill (jU t jliill jlja. J elj^JI J J J).','"','.'^ 

.oj£ll 3 . aa II A£j^J| J^Li. (j* "Lajlaloll Jl Lai. jj 3JLL j aJj£. ' L ■ aJ 

J j.la. ojLa jl - i aa SI jlli^j (jl (jj-J (j-a 3 ^jlv^lt LpLa ^^Lojj ~ - aa Jlj (j-a 

"La^i^la]! JjAi. (j^Laxo (jja i aJ i—lilc. 4 iajail jj ojlj^JI (Jij lillj aJLloI (j-a . A^ijlaiall 
(JjjS (j^i 4-ia,L a ojLa 4£ja. ^ aj al _jj LiA ejl jail (Jali V .(_£ jJa. (JelLa (J 





■ 4 v» i.ijjll (j^aljiJI Ajjljx l^ia] u lili-i ^ :7.2 (Ji*jJI 

oiA Jj .sjljaJI <a.jj J ^jJJ JJC liljj^jj <aUa ojljaJI (jl • JJig (Jjl"" 1 

laja ij-o jSiail AiUall (jja i ajjl J j II Jcliall l^Jj aJ^J ,^111 Alliall ^ jLoij tAJLaJI 

((jja i alll 

J jlaloll J JjilbH (J. . J*iLv»]l JJfr (_plLsj]L Ajxjoi jllll Ajj-aUJI (Jii (j^-aJj 

cJUloII Jjfui (Jc ^jj ttSIl Jii. jA lc jJjj (Jiill liA ^1 jil J-i^lj •AtJ (j^> AlLaJI e^A 
jiJI j (Ji.JI J 4AAj_ai« AJUlill (_5 j3 (jjS ij^jll Jalijijl ijj^ J jJiill (jJa. 

. Luj> J o3j2>.jja jj <La jJalall J JJjJ ^jill AJIjSII j3 (j jl JJJj 
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(Ja.ill a i aJJ ' ^jl i aaaAj (jal ■ 1 ^ fi-s'i 2 >j» , ^. ij ^Lila Ai^ajlL (jjjjaVI (Jiill Itjj a i n"n 
Aa ' ^aJ tAjLia _oaj t _ 5 Jc j 4 ^jlVi ~\\ J^Jti. ^jc «La ^laxaH J) t il i laj Aj«_uij!ill A^i al II 

.<La jjalall J jAa ^>JC- "La jlaLall Laji& ( _ ? jll Ajxlu jjll A-li aLall jlALa ^_)aJI 

jja. J j]aiall UaSjj Jill A-itlu jjll 3;. aUJI ajuS. (generation) Ail jj2I Aa. ■ 

i^B^IjiVIj Ailjll ^Aa (jj 'd,'"''"' J 2 „ l^i.uLkuj ^jll Aj^all i_L-aJ ii£>l£luiVI Aa jl 
jl All jjII Aa (jj^J 1 ajja j .A-a jiaiall ij^jJa A j»"ui jjll Ajj-aLall eliajj ^tijj jc. jl_)j»j 
J) (jjall (J Ajstinjill Ajj-aLaJI lilbS eUs! j ^Hij A-aJ c*llj£ Jjja.j-4 iil^g'i.iiVI 

SjLa A-laml j*^ V jlilll SSI U\l j aa.j]| jntj I ' ■ u£ll '■— » J J .(Ljiaja-aj <Lajlaiall 
.^tikj^a^ll |A4 Aal*j ^>La K_ijall lift J Lot -AN^,,.! j All jj ^jIaLo A^LLuia. 

(Jtliiill jA "Lajlala J Ajtln jj Ajj-ala. . j VM g*. M j Ail jj (jc. -jg Lttll I As (j^ajxl JllLa (J^ > ill 
gjl _jj ^^A c'iAiAa A jjl j ajS (jjAAi.1 (JjSj c<LajIiia J Jl.La.l5 (Jclij Jj> aa jja Jl.La.iall 
Jill AbU-all ia. .lAj^UdJI J tA^jAall AjjUaJall (jilaVl cSll^lj^ A^ij dijll Jj 4(JcUall 

: (photosynthesis) J ^Jl s-yaj&ll o^ali 
6C0 2 + 12H 2 0 + light -> C 6 H 12 0 6 + 60 2 + 6H 2 0 (4 - 4.2) 

6j « (' . U*jl ja i a^ jj£ jlill j^i Aal j (J j^i oAlAaJI Ajjl.La.iall (jAla^M tAllaJI ojA J 

Jail UjlaLa jV »a! jxi jjjxj ^ j lAaUall AiU^aVlj 4*L<JI jj-a IgJiaj jja^VI (>o CjV j-a 
(j-a ya 6 ^jA j cA-ajJlill (jjiliaV (jjSj 'lS^)^' '^^a.^ • (J cs^ J ^ i jljjl 

J (j-aiLjj / Ja3l lAjl^la jV 'Ijj3 <"<<U*...I t«.La]l ^ 12j C(jjJj^]l Aimal 

l^JU Jc CAjL Aaa jjall J (c^UUIj g3l jill) AjKil iHSlI U .jjill Jj jkuJI 

<laaaA< AjKII aJjIII 

Aj3 ^)a.l *<^-" aSI ijj L- la-1 Jj UJ^' CS^ '^J 3t ^ J Ajj-ala. (j-a Aj<ia jljjp Lajja. cl jl 

(j^i (jlijLi ■ ^Dl ■ al j All jJ L$^a. Uaj (jl Ajajjill j A Sjall Ajjl j-a ^Ijlx-al (j^aJ .(«.Lj3^ 

^ ^ i 

(Jjjajll (jc ^cjjj La jA ■ "* j ^1 jJJ (jjll Aja m jjll (j-al jail ^)a.l (JlfLa j AjjLLaJall Ciiltlidll 
aJjIxx J AjjI ja. Jj 2j<j'Kj«II ASUall JjjaJ jl jC. Jc tAilja all ASUall ^Ijjl (jJJ La J 

.Aj£ljl£j-all AlLUI Ajjl j-a 

Ajiajll oAall pLui A-a jJiiall J ^-aaJJ ^ill JjLall (accumulation) »SI jjll Aa. <■ L^aJj 
J (Ji-aaJ (_jill £ J* 1 aa II jl ' _ijmall AjJAjiII A ajSlI ^IjiSI Aa t^-aj i{_gji*.\ CjIjLxj .Aij*-all 
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aJ_j^j-all Aj a£II ^jjj (jjill -^W^l^ ^Sljpll Aa. L_j\-i oa (j^-aj . A^ijJalajl ^j-" ia AjxjjjJjI Ajj-alaJI 
jlijJall jlift J^xloyj .^Lpj^l t-ijlall ^ S-lja. j^ll lilt j ^IjlIiVI i— Sjiall A^i jlaiall ^ 
jiaioll ^(JjjVI U4jia]| i_ijxjj .A^ijJaiajl - 1 ■ a£j i al IglMa. (_Jja_] (sjJI Ajj-a_^^ \; laJj] 

.SaJI lilij Ajl^j A-aj]kiJI Ala. AjL ^L^jjVI ua jlall ' SjLa ^ W^^- ^ 

tj^ai AiaaJ jjjj Laja Sjja. aJj£ ^ JJxjII (jt J >J»J (jl ^J^' U^-aJ '(JlS^fl (J.""' < _ s ic- 

.£ jaJI tplfil AiaaJ j JllaJI 
Ju~a JaliajVI J 4jjl j-aJI CjVjI** AjU£ (jLaJ 

Aj^ia. • 

A_llal£j • 

Bird, lSj^ 4-"^ <^ ^j'- 1 ^' 1 j ajL^U1]I oVjIxJI ^IjaU ^ jl^j 

|j& o- 3 ^ la 1*1 .(Stewart and Lightfoot, Transport Phenomena, 2002 

tlajLoi 1'aijU* IfljLuIaJ 4 jaj£ j Aaiti]l dV^l«-a]l ^1 £faa. (j^ f 4 u!^ ' ' . itjall 

. jlajV I 4 ■ ajl aid (j jSj (jl ■ ■ laj jlx-a (JS (jl (j^i Lu-a ; 



AjjjaJI <itfjl*- 1.4.2 

S-Lul Aijx^i A-ajiaia (jdj ia Aj« m jjll (j-al _jaJI ^^Jc- La_j-aC. Aj^iaJI AjJ j^ill LllV^la-a (jij 

Ajj «alaj (j^i All eaaxo jjjlLa (J^lxjll (jJa. Aj^)±aJI dlV-ila-all (JaiMm'ij e.lla^a Aoiaj sAa 

:^Li La£ 2ul*l! <jjj=J Ajjl jj| aLU^ ■ . »<" 1 1-4.2 

VI/ _VI/ ,m _m _\T/ (5-42) 

in out gen cons acc \" • / 

'•ul 

a^U («1 : *P 

ta^Aa^a Ajloj 'oXo *Lul A^i jJalall (JabAl jJI 3 Win jjll 4 j . al a II jl^Lo ^l t(Ji.Jlll : 

4aJAa_a Ajlaj '0X0 *Lul <a jJalaJI J^Lij iS~-^ "Sf*-" 1 _>5^ AjjL^laJI jl . VI <i ^jl t^^)iJI : *P out 
te^Aa-a Aalaj oXa sLul A-a jlalaJI (j«i>i Jjll '^}«-i- u J^l Ajj^aliJI jl^La ^1 i All jjll : *Pg en 

Aalaj SXa «Lul A-ajiaia]l ^fl lill^iuU ^jJI AjxLjjII Aj^aUJI jljLa ^1 H^S^luiVI I *F cons 
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i__ajjxj] ^IgjjVlj jjjSjiall JLaxloil Liajl (j^-aJj 

¥ f (6-4.2) 

ta 2 ^ all 2_iLajI| 
a i ^ all 2_iLajI| 

.^LojaVI £ JJ^a 2jxL 2 u aUJI J»j jgi 6 _ 4.2 j 5 _ 4.2 jiihU-all ^ .ij-laJI Lai 

JLti^Uttl 4JJI>»J1 <itfjl*- 2.4.2 

^1 (Ja.j£ ^^jll 4jt l.i jjll alaJl jl . vi *i (JjLi3 ^jialuij IfrLa ^ jjill jl 2-a jjalall ^1 (J ja ill 
dlLal JC. 6 (_5jLuy elj^JI ^J 1 ''" (Jjxx . CliV^Jt-all (JLaxJjoilj jl j-iluilj Ig-Lo ^^)ajj 2_o jlalall 

g" 1 ' J (j^S '^- 4 jJalall Jj^a. _)JC AjxLi jjll Ajj-alaJI Jliljl 2iL_ialj .<iA}]l ^ 

1 . iN a". , 1,1 J^x-o (C jja. (Jclij ,j lilil^luiVI 4JU (j-o .2_<i jjaloll ^ (jja^i Jjbt_aJ lgia£l j-o j 

2 u,-ila. jA C gja«j Jit-o J£ jl iaa.7 .2jjliill ^ ^la 0.64 ijj-^i 2-N.niVl ^ jjajuiSVI 

5jjlj^il MJjIxaJ AaLiaLilH 4Ju^i!| ^j| .(j-ujll ^^Ic. 2-o jj^Lo 2Jj£ 2JlaJI oIa ^ ^jAj c2jxLi jj 
2jjUcJ 2uL^lij]| ~W • _ "■<" .CiVJx>aIL AjxLuj^I ^jdljaJI tiujsu (j^a. JJaM ^yk 

: ^jjLi Lo (jja j 2j jl j^]| 

VIA_VU ,\T/ _VT/ -VI/ _ " (H _ 4 2) 

in out gen cons acc ^ V " / 



•a 
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t4-a jlilall ^ AjuIu 4_i^aUJ <j i41 g *,,." ^jJl Joxa]| : 4*^ 

dt 

-ifcii .c^-o Ua^ ,«* 4* <4> ^4* ^ , J Ji*y 

UJT (-S * - ■ LS^ acc cons gen out in U 

4 f * s 

Jii 4> t "*iS]|" a^L^i Lji vj/ ^ t jui ^ .(derivative) 

(j'uii^ti 4* CAZ tAia ui Lpl Cjajc. lijj 3 h<(l jjjjj Jioa j jj-ojll £-a 3 „jU.;„tl 

^jVI Jla-all 4jLi ^Ijill .la. (jc jjxj La Ultj .,JLij$£]| jLull Ji tAjaj^H <«i»jll 

4.2 aJjU^II ■ *'<* 

jlilall ^ J- aaj La ' '« ■ aij Ljjl 4jL_ialii]l 2J.lL«-a Jjaj tiljS aJ .SjLjaliill <L)jl 

(JjiLjiI ^^it <La jjiloll (_Li*J I a lie- *L}L '— 1 Soil dV^l«-a]l (J <i»"l i «*1 La LJltj . (j-aj' (j"" ^iiaJ ^ 
.^tlaJI j\ ^IjQj^l tjjiJI Jj^aj t_laj i<Axl\ "JLaJI ^ *uLaUa 2JjU-a JaJ j . ^iluL-a jl ^)La 
Cy^j^) (JSLlilsII jjij-all La 4 «l°l Ijc. *P JSluiaJI JJC. jJ3tA«]| l_aj^)«J (j^-aJ C^JLuuii] Ixijj 
. ? = O^Jiaill .lie 4_a jiaLail ^IHj^I t-ijiiSI <-fJ»J La Llllc. j . (iJlaJI ojiA 

iblai^l ajjj^li <^VjU- 3.4.2 

^JfiSlkW 4alaLSl!l LliUjt JaI) J^aaj .*uLal£j jjjm; SJjU^ 4_iUS jLaj 'j^' 

3jj| iJLiVll»-a ji-aJ •L> a j^' (j - jj"'^"*- ^ (jjj USJJ^I) f^J^ Jj^-^ * "*J- 

laJ i JJ t4aLalSj 4j jl • 4 -f 3t -^>^' AjjuaLaJI jjju cllVlx-^ a ■ aJJ ' " Ua J 4_iLal£jll 

SJjU^i i ■ '*<* .AjjLpjVlj AjjIjGjVI jjllaai]! jjj LpLal£-aj AjL^lidll jjl jjll iJjU^i <jLj£. 

A-jLoLalll JujljJI 

r V F m & - r ^ou, * + f ^ gCT dt - r ^eon, * = f ^acc * (8 " 4-2) 
■"o J 'o ""o J 'o ""o 
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'" ' C'f • 

•tf J h Oil"*-* jkiill (>»jJa J jJJ ^1 2_ilSLll AjxIi _£ll Aj^jUJI : \ en dt 

' ' C'f ■ 

■tf J t 0 (jJJ jlaiall (j-ajJa i^'i.n* ^1 AjKII jjll Aj^UJ I 

* .. r'/ • 

• f, j ?q (JJJ "LajJaiall (j-aj-ia 

U f nJ f f J « f T/ d¥ j P — ^ Lj fSi J\\ ^ 2JC& o^j 

1? A ^ c^F .4* l 4'. jli 3uj! Jl 3Jjlu J.^ jl> 

S? acc cons gen out m Us •• -Jr~ J> -J <_S J 

8-4.2 ALU-all aAia-« a^l _jj (jjSj (j! 4* Jj.lail (j^-aJj .Cj^" 

^/ J' ^0 L)/'^*"^ ^ "Lajliiall l_j J^>la (jC CjLa _jl*-a J] ojlc <ala. 4-aJ j .Ajxjji jjll Aaj-aliJI 
V .Jill SU;,„ ; \1 -U-.tl j^-j La ^ ij j .4jLal£jll ALU-all JlaxioL aILuJI (Ja. 1 J 

.5-4.2 ALU-all j 8-4.2 4jH£j1I ALU-all jLoj t(>jll £_a j^a. 

AauiI^JI .U.i\l JxC. ll laj iSJ^-i U UJlfi AjV ^j/' l)i a AjLal£jllj AjL '— 1 Still ;jl"'»J' all ji'n'i 
AjLbliall j Ajjj^JI Ajjl jxll ClV^U-a till jj^al Laala 2.2 J j-l^ll 

.AjLI£j1I j 









CjVjU-a Cjijjuw :2.2 JjiaJI 












V 


V 

4j«j-u jail 4_u-aLiJI 


VCjV^ 1jn-i.nl cjl^Vb 
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I jy£ (j-a JjVI (jjiJS c^lxll ^ I j-aj J j Jl p^^l (j-a oAi.lj o-laiall CjLjVjll :4jLui« 

cS^lall cLV jJI 1 279 800 j^U <2001 jJ* /jj-3 <> JjVlj 2000 jJj. 

4 052 800 Jjj >1 Jj-> Jl ^ jll ^ o^Ji 214 800 j^Uj 

fcjljJI aJjiU^ g-l J J^al ja la . [11 (8.2 JiSlI) 2 435 800</A> ^ 

lilt S^lal! CjLjV j]| jlLui JJxl Aj jl j^i 4LU-« 1 ■ '*<! lilt (jlfLJI JJfc jjij (jt 



I jjl j Jit 4 052 800 








t>» JjVl j '2000 jjI jj jj-" (j* JjVI jjj S w\<\\\ CjLjV jll jl^*" jjxj :8.2 (JS*ill 

.2001 j^jj j jy^ 

(Jaill (JjLoij (JlaxiuAj (_J ^j_)iJlj (Jji-ill jialia j a laJLaJI CjL)V_ail Jj-la. 2 a_ttJaxa3l 

(j-ai^lll jliicl (j^-aj Ajl Ijlajj j Aaxji Ajiajll oAaII j .dll^jUall I » La j t<ajja all 

*P 0Ut ^Jlj 5>U.b ^LajikiaSI jj^.. jtk>l u^Ull (> j^xJI liA jV ^ 1279800 

IjJajj .UU IjjU-o 4_aj]ala]l Jj^a. <_)Jjll (j* JJxJI b* jV < (J ^ ■ * 214800 ijj^ 

4052800 ^jL^genUp 4 QjSHj ^.jtiJI ^ ^Ull ^ a* jjji obV jll ji J\ 
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( _£jLuiJ V P cons jli '(jj^'j Vj^ 1 ^ (jjjll AAC. o^aiij ClUajll (jl Jl I jJijj .(j-ai^i 

:1a! .0^2435300 
^ =1 279 800 p -214 800 p +4 025 800 p - 2 435 300 p 
= 2 682 500 p 

2682500 (^jLu" (W^j* L^'jj lsI) AjaU-a oALj <jl Iaa .L*oi_ii t^"" P uj *— ^ 

(j-a (Jj^'j 2000 jJjJ / (j-° JjVl aAaiall ClliVjll (jlSjyu AAC J <■ *" r^i^» A3 1 . in 

.2001 jJjj /jj-<" 

c (jj]_ojai£iU 4jjLuia. JJC. lAloiLi. (jl ^jjxJ lAA j til _jill (j-o ^gj^m 4 ■ J j * (jja. :4jLuM 
30 ojUt (J^J^ J ^ j Jj^a IgJ ' L^a j A3 j . j'suill »* , J Jc. LiiliJI Ac-Lull (jj-ajA jA j 

.c£\ ijaatil LpU. jUI ijl^^u.il Jyjxjl Li-jj (pioglitazone) jjjliilc. jjJI ^ 

IgJ jllj (j^_)^ £^ (Ja*-»j *l jaII I g «. aa 1 . ilSluijj 

r =ae~ k ' 

JJC. dij j&> kj if jJI J ^Xa 45 lSJ^ jA <3j cs-1 jAII i—L&Sluil (jA*-a jA T j] ^Lua 

(,\ jAII jj-a ^La 2 l$-aJ ( _ s i A3 <jl (JJ^ 1 ; Ij^Ja ^^-^ J$ AcjaJI tls "M-fr^ . i— ijjxx 

ojjUu jl Ig-ajoi^ AjAi. s-l jA J jis j tLjl£ duliLj A3 s.1 jAII 4j4j (jl (_pajl3l . t—lliLm-a]! JJC. 
j| ^jjiJal 3J jl 4jAl*-a (JLaxiujI (JxjaflVl (j-o (Ja . ^^Ali-a (J^jjlj (_g^aj (JjLu: j JJC 

I . i^ i 'a i . .i Nf \ (_jAx-a i " ' l \j i ImaJ ^a L & a^ alkxa ^j la - ■ i"ir-. 

• ujj^'y^'j,'.'^ 

SjLa J) JjaJJ (jj jlillc. jjJI jl I jiai J .^An-a 4ij-a_«J ^ i-iir <i fljjl liTMgiJ :JaJ) 

i ■ la-lj 4<ULui«]l oiA ^ 1 lAa^ \« ( j J y] f.1 jj| t |j| all (jj^l ^ ojl^La (jli C(_5^)i.l 2 jj] j ^ i< 

.1 jik-a (Ja.^31 Ai. (jlS c'o^)jaiLxa (j-ajSl] (jja. (J jLjj Jiaj I^jj jJI sA« (jl 1 j i >i jjsl Ij] 
Jjjj V j I i iaj Iji-a (_gjLuiJ ^^)iJI (jli < I j aj "-^ (j^ i ■ ilsliuLa JJC. «.ljj ^jji Jl 

Iiillj Jc. e.ljj .Aj] jill Aa. I aAaJl Ia! j tl^ «iin^ J s.1 jA 

J?„ COnS J*„ / 0 
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Jxj l^ajgia ( _ s iiLa]l dljJI jljlLa jA j t^Lo 30 lSjIjoij jAj '|»JjJI oAo *Aj Aj£ (j^ 

Jia. ?g = 0 £y» «L« jajill jjt (j^ajjxjjlj .^Lo 2 lSjIjoij jAj 4^ jJI ela tlgjjl 

:Jt. J^aJ it f =1 day 

ldav 



niaay , 

- J J? = 2 mg - 30 mg 



_ t< |Way _ a_ ^ _ t (llJflV , _ £_ = _ 28 mg 
k k k 



jl L_LiljLi (Jjj3 (j-o ^jj^La ^t-oljjj Jl aatluiL (JaJlj jajjil J ^La 45 J CI (jf~ (j^sJjxjJLj 

. jjjjljjlc jjjII (jj^ i . iN Si . i.l j jjjjLJI tiulii]! jAjik= 1.04 day 1 (jl ^ j cjj^j 

Jjii Mil A» ■ '— J V] (jjlixllj (JJj V (_g jamJI el.il ' _ 'I i —j (j^ai-iill (jlS tl921 

(C. i'^ii.i -o" j (F. Banting) ^nTib j^!-^ ^ u> ^ ^ d& ^ '*L«jS3I 
J jLij JJ ciijUii t(_^j£jaiHj AjL^axi J 4 iSa j 1 <_ iK (jj jiiiiVI <_!j«j Best) 

'(J. B. Collip) S-^Jj^ -S-l jA cAC-j^a-ail jjx ja.1 j.^ir- jalij . ^jXJjia jaj Jc. j£jji]I 

14 ej^t ^ u.-i Jc. 1 Ac. j^a all '"'J."'-! 1 1 922 j»lc J j . (jJ^aj^iiVI AjIiiJ ALjla ^laolj 

.AjaaJ ^xj ^j" aaj3 cdj^JI Jc i-j^iLa Laic. 
J J-' J ^ (j-" ^ J'*'"' 1 "" tltf^ J'"'j Ajai'i Cjji. A^LaJI Au: (j^i (j£-iiil 

llula C(jj^ixJI (jjall CjLiiijLaJ Jj . ( _ s jJa^all (Jj3 (j^i <]1 fUMml Ajij ^lHjoloII JJ Aioij-oll 

.(_SjJaJI (jj jj^jVI Aaji^jA (j-a t Lai*JI DNA Jl ' , IjSjP 

jja. ^jjJ A SjISII AjfkJI ' . »jJ 7-' Jl ^W- 5 J -LgJ^'"^ f-l-^ L?^C (jaJ (jJ^ojoijyi jl 

jUjJ jja. JJj .bj^a-a ^ji^JI ^^j* ^uj^ J (Langerhans islets) qA&JuJ 

(jj jjoiiiU lJjjjJI ^jjiall dlmjj ^Injlj ' il uS£l (Jjj cA^joiiVI AajjJUA (Jl at'lmlj lilJjl (JstS j n jl ua 

"*^tt"'"','J -Ajjlj-all aJ^Ix-o Jc. AjJa j jixJI Ajiilijll a jjSU VJj<a Aja JJjlxj ^j^.nJI s-lj jijJ 

L. J jal - o .nJ.« lJMI^VI uJj^VI 
^ij ^jj jl (cJ^-^ ^) LijJ^J^^-J ^jalia [jaa J iiDl^iu:VI Aa Ajjl ya 1 ■ laj 111 . Jj] jjl] 

.(jlaJj-aJI (jjiLijSjj J (aJjJ Aa) (jjijLis jijV 
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ZMaJt\ 3JjU* 4.4.2 

:aJ6\\ HuJL 2-4.2 AbUJI 1 j» 3 cAj^)±a. Jaliajl ALU* A_sU£1 

^in-^out^acc (9 "4.2) 

jA *F 01|t J < A J ■ al a SI J« A-o jjalall (Ja.J jA *P- n j 4 La AjxLijj Ajj-aLi. ^A *P (jl I - Ua 
xjalall ^4 AjjfaJI Ajjl jJI ALU* ti.) .oJia-o Ajioj a .la *Ljjt ^1 Jill jA 4^ j il^ji 
^] jjj V A_Iaia_Lall Ajjuj Jill Ajj-aliJI jl .(Oljjxlall oigj (J«IS1I t-jjjxill Ja lljal 1.4.2 

.ajj^I AjjljJI aLU^ ¥ cons j ¥ gen 6 i^| ^ |ji t( jJi|sJ 

:^|jj]| Ipajl ^IgjjVI J ^IHj'VI U^J^' Jlaxi^l (j^-aJj 

*f (10-4.2) 

jl^Ia jA^j t^l^ljVI l_ijJall ^ A-ojJaiall Jja.jx3l A^alaJI jl.}!* jA *P f jl dlja. 

.^IjjjVI i_ijJall (^i A-a jJalall ^fl Jja. jA\ Ajj aliJI 

AjLiU2fl £U*ft| 5.4.2 

IAjjVI AtJi^U AjLblijll ialiaJYI Alii** ■ ■ »<" tAjjjaJI iiliajVI aH** J jc. ^^Ic 

vj/ _vp = vp (11-4 2) 

1 in 1 out 1 acc . V 1 1 ^ >Z V 

at 



&~ ^ cW/dt j * accJ .jrjiJ jA t omJ ,Jid Ji- jA jj ^ 

.2.4.2 £-kLall ^3 A jl. filial! Ajjl jJI Alii** £jaJj i<Ll£ll Cllisj*jll Ja JjjJ .^Sl Jill 

iblal^l £U*tf I ALU* 6.4.2 

:ajjVI Atj.^U 3jU<MI JiliaJVI Alii** ■ . »<" J 

r * in * - r * ou , * = r * acc * (12-4.2) 

•"o ""o ""o 



125 



. C f d*¥ J \' f (d x ¥/dt)dt J I"' ¥ out dt 3<Ji\ ^1 jsB a,U£ 

.3.4.2 ^laLJI J AjLI£j3I Ajjl jA Abl*-a iCAJmIAi si$l Alal£ll t-iijUjll jyj^l 

Jjl i n a\\ JaJ 1 ag-jK jl f^. jl ? 0 Aic jlalajl t_i j^jla (jc- cllLa jlx-a Jl o^lc. Aa.la. A_aJ 

ajj^I aLU^I Jl 12-4.2 UJSM ALU-all £l>J o^yj .*jU£S oV^U-all JI«jJj 

.(>j]| Ujj^. V Jll ikjoull fJiill aJU, J 9-4.2 

Jainm*! Ji« t—Sjaj (jl j < ial aIAjla j 41j)\jja\\ aIAjla (jjj (jj^)^! **' (jl ~* all (j-a Ajl 

Ja.j ~ lA'^ Ajjl^oj Lai a a j| Cj^Ajua -»■>■ a l_Aj£]I IjlA (j^i <JjJ La-a .La^-La 

,\^\ ^| ^) (> Ulila (jlj .JjaU^JI jiUjV a^£LJ cjVjI*-»1I 

tLa^jK jl s-lla.^ Ajxia jj (j-alji. jl Aluoa -k' La J Lalj .Vjl AjjU-a i_uSt 

.JaliaJ <hl*-a Ajjl jJI Alilx-a Jl J2aJ ijJlxj (jSLaJ 

? L»a1u.VI jij* J f UJI 5.2 Jli»JI 

iaIaA J 5 J 

Ja-oj J a^'inVI (j^a ja. J liLlc c-Lall lAA a-^ J (jiLoi^a (JJJJ :AjLuL4 
?(_pa (j-a *LaJI ' "J J ■ -*"' J-i*-a jA La3 .AijiJI J 1.5 J.lx-aJ (_pa jaJI J s-LaJI ^Ijilj 

JJjii a Jj£ ' "*' ^*JJ y<ilal aaAm! jiljl dlSjll (j-a C(j^a_aaJI J eLail (j-a 15 ^IjJ 

? JiiLttll «.LaJI ' °,'J ■ "**' (jj»* "ij ' " ii jjl (j-a j»£ cs-LaJI 
AjaLi jj]| Aai alaJl j cs-Lall Jc. (_g jla_a]l (j^ajaJI ^ A^i jialall t9.2 (j£iill llSj :J^I 
J (jjlaB *LaJI f I JJJ ■ al < lAjjlxJ jl A^i_aJala5l J dLa (Ji.Al V .^1-aJI AjaS ^^A ^LajAVI ^ 

.311.) jisii 

(JLajtLul (_ i(33Jj Jix-a Lji- a _jj ollax^i s-Lall A;La£ (jl Jl I Jajj -1 ^^ J i,,.S/l Jl jJa AjSUa 

c jU-aj£ Jclij J tillfrjjjj Vj Jjij V dLaJI (jV AJaia^a s-Lall AjKII Ajjillj .AjLblij AjjLu-a 

.11-4.2 AjjLaUill JaUaiVI aJjU^ JLa^l jLaJ 111 
(_>b _a=JI J C-Lall ^IjJJj . = 5 kg/mill t>a jaJI Jl J J jll tLaJI jLu J^a ^ jLycJ 

: ^acc = L5 kg/mm J^ 

vj/ _vj/ = vj/ 

in out acc 

5kg ^ 1.5 kg 

T out 

min min 

kg 



*P =3 5 

A out 



min 
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.AiAJI 3.5 is jIjju t_aj_>j^ij]| J^x-o (jj 



LJJ. 




5kg/min 



I 

\ 

1.5 kg/min 



o^j^ *UI £\J> :9.2 JiAll 



'/f5kgV f»/ f 3.5 kg ^ 



f ^ u_p U=i5kg 

J 'o ^min / J 'o I min I 



min y 



Igaj tj Ji\ <jjjuHj ULoISj t 0 = 0 I'm^i j I i] 

1.5-^-V =15 kg 
V min J 

^ = 10 min 
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-\' i , V out dt=\* f Vdt=V f -V (i 

Igaj 4 1 1 n'lttj 4jjlx_<JI ULal^j ? Q = 0 1 it ' ^ij 131 S j-aj 

'3.5kg^ 

^ =-15 kg 



min 



^ = 4.3 min 



. jjii^all jj£ i ..* Jaj AiiiJ 4.3 Uj^ull jiC ^ j_)aJlj ^IjIaII eLall J dJ i n j 13] 



^jij^aa uLuia, :6.2 Jlloll 

4ajV - ■ *— "j a-all tiLl i ua (jt (jLiJ lilL aJ (J^ (j-o (Jj*^l fji^ <_S^ S^JLuia 

A \ i nil (j^i in JS ^ji lili^^-ia (Juij •t^\^\ lil.^ii ^ijj (JjjLuJI J@ i*i 11 (Jila. Sjij, — ^11 t^ljjajjjl j 

pi j»iS \ji 150 j u.n^ll IjV 75 i_ijj-aj j 4«jjU oljV jj 5 <J& JinVi :l$ uij 

(j* j . Jjia Sjai jVjJ 400 J cCjl«.la. Jjlia I jV 50 j 4l_i"U Sjjjli I jV 40 j t^Ul-ill 
Ja ^l^j <_^Jc- (j^a^a. Cljlj 4 ( jjC._aXuil (Ja IjV 450 tdjlt jJij <i^-aJ (_U*J liljl lilatJl (jjaia. 
^A AjLI£jJI j "uLaliall J AjJfaJI 4j jl jJI Cj^Jllx-a <jx 2J-ix^i ^1 .liLLoia. lib jSj 
j,; itill (jl LiajpLo ^'j- liLl i aa liL jij 4j jl jm ■ ■ ual ?(iJjli.j| (Jlatx i_lLjiaJ t _ ff L ajll 

• ^jjl ml 4j«jjI ' afcj 

'i.la]lj c jj^ixill t^Ll ma ^A <L« jlaiall j . J jiill Aj-a£ ^^A ' _ijma*m ^^jll 3 j i al a II I(JaJ| 
(jU 13] .(jjxxi (J-la-aJ (Ja Aaxi jjijj iiU i ua JljAill (Jai j .a jrfMm «j AajjLa 

."wa£Lill 4-jLaU"JI JaliajVI "JjU-o 

(j^i lil^jij <la^)aJ 4jjl j^i AjIj^J liljLkjl (Jj*x L_lLaia. iaJ ■ aJ ill - 4.2 <]jll*-aJI Jl aatjmlj 



r $450 ") 


^ 4 weeks ^ 


_ $900 


v 2 weeks y 


v month j 


month 



I ■ (Ja.J Aa. ^jA 'till CA ji jj 4jji*a. (_JjLoij ^^jll o^jlill j 
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:^^)iJ! (JlaJ lilj ' (i^ljl ■ na.) <LajiiLa]l ja Aijj l^i^jj^aj Jill J jijll ^laa j 

m $ 75 ,u , \ $150 $40 . , . 

^ out = (books) + (food) + (phone) 

month month month 

$50 , .,. . $400 , N $715 
- (utilities) H (rent) = - 



month month month 

Jj uill^kuj V j JjSill J jjj V .CiAj (Ljiaja a j 4-aj]aia]|) jj£]| J Jill J jiill jl^Laj 
^51 jll J 4j£l iAlljJ .la. jA eJjUll .la. jl >«*»* .13 j 4 alia a ' " 'I 3 ?■ j t^U ■ aa jjj kfl3 lilj^jj 
j jail] jiaJI A£.LiL Lai . (<^L\ m->) 4-a jJaiall Jl (i-jji^all) k}a all j* J jSjll Vl&jl Vj (_>ujl 

. jjill J Jill J jSill jl.lLa (j* Jjjj AjV ' aJjJ j$i ^la 

^ _ $900 $5 $715 $190 



month month month month 
. J^^all tSLLun. J J£ IjV j.i 190 ^1 J •M J\ 

k&S* A±£ jjjii :7.2 JtU 

AjjLj^)^ i "'I ja uj jj>aJ 'Sijj^ AjJall a_)fra,VI J (Jaxiuij Clll jj^aj ,-A I " ll 3jS all :4jLuM 

10 l5jLuu Aii&a j* r j^' 2 (? = 0^jc) ajI^JI J .(10.2 JLill) 

i . ia j^l ^ jlll Jc. e.1 _ja. j-all ^r' 5VS 4ja1 ■ all 4 la uA\ £_a L-lml ill / Jix-aJ ^ _jlll ^^ilij . jjljfLiLva 

:(<La jlaiall ja ^ 

i =kq sys 

iaUajl <U.lL«_a j»l 4jjl 4\l.lL«-a (JaxlmJ (Ja . 0.5 S ' L^J^-^yj ' '■^'"'^ CLulj jA jl t^Jja 
4j^)±a. 4j.lx_a (JLaxiuil (_}• iaLall ja (Ja ?<la-a 4_laaJ J ^ jlll Jc <jal i all 4ja_uiJI L-lLuiaJ 

■ A a^ a^j a 4 Q "'^ a H ^jjjo I ?AjLal£j j»l 4 iL a l 3J 

Sal 8a 'WAjuz (Jl aatlml ^a j^aJ La IaAj < 4 lafla i a A i-s .'Ml j^Sj ill tdll ja uj 

lal °^ SJjlx^i (jjSjj t4j^)Ji. 4j^Lix (Jl an") i nl (j^-aj V t(Jia-aJ oliax-a 4 ja uJI 4£^)a. jjl ^1 
^LajAl Jl jJiij AiLball jl Jl IjiaJj .(jiLajXall LaA 4jlal£j]1 Jaliaj^l <]jll*-aj AjLalilll 

. jUa. (JjJail 4jLal£jll 4j^lx-a]l j >fi«J t Ala-a ClSjj 
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(j-aljiJI jf. i_g jl jjILj (jljjijaij JaliajVI J Ajjlj-all (-jSjLl* Jjl ^gij (jl 1.1a. ( a^-«JI (j-o 
(j* (jjt_jj]| !M£ (Ja. ,j 1 g ui&j 3 j ij, i.l ^ II j 4 j, aLj_jSI CjljlVI (JLaxiuil (j£,ajj .Aj^aliall AjxjojjjII 
' ^Jj"'J ' 1 " LM^ 4 ^ (jjjijbui Jj,'.'k" (jS.aj 4JI ( _ J A i_ila£]t liA ^ AjjSjaSI SjiAJIj .CiV^la-oSI 
^iUallj 3l£JI :jjjSf) V- 1 "^ 1 k*Ljti\ o^atjaJI ^k. t JaliaJV!j *jjl>»JI Ubtxa Ua 

>_itiHI I 1a AjL '"'.'"'j j .4_jjjaJ| 3 i a SI ^a o a JjIuls Ja, Ajxj aijSlj 4 Iti till j 

Jaj (j-a i4i<^,,. 4 \* i n jj 4 u *-\\ ~\ ^glc- I afrjLujaJ AjSjS ;J*J j ' Sal jVl j 4jjl j^ll ( _ s j1jIx^i 

4-4 jlaiaJI (_Lufl j 5.2 

t*LojiVM\l JJAJ ' " 'I a 1 Sa i a a (JLaxlLoilj f I i aiS i "V I .liS ojjjjjuJI jl "Lo^laxall ' '« i a j jS-AJ 
^u3j l _5^ c - J <uJaiall <aaa-i aSl <Ull*-o]l iiAaj l _ s -l c - -IcLoi] l^jljyLal t " ll j a i aj £j_ajj 

£jaJlj Ji^l ^tla. uiuaj 1.5.2 

LaA j .<L« jJaiall J j.la. ^>JC- AjxjjijjII (j-al jiJI Jliijl jjlii-aJ ^ jiJIj J_£ia» (j' 

^ jjll a^UJI JjLGj ^1 <x jlaiall (open system) 3a jjUI ^jlaiaSl j 
jjc aj^j^I A^aUJS JSj jAj t(bulk material transfer) a jn^S I ^jUSI JiiSL l^k^-a 
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4lj£ (Jiii jl "La jjLall <LajIiLa]| Jlj j-a 4jj£]l 4£_)aJ j^-aj .4i£ 4 jajml^J S jj,la 
.4-ajIiLaJI jjjaJ I&j^jxj IajjUu jl <LajiiLa]| 4_u«jjijj]| 4-b al II Ja.ajj . Laa.jj 4 ja ui j 

(j^-oJ Vj . jijax^i JJC. LaA^/lS jl ^^)aJI Aa jl (_Ja.lll Aa (jj-^ .4a.jjLaj| <LajiaLa]l 
4 uAifrjl dlllniaJ J loa. 4j*jLi 4a. jjLJI ^Jajll jl aliajVlj 4J jl j-a]l jbU-al (JaLi (Jl jja.1 

.11.6-8.6 .10.5-5.5 .10.4-5.4 .9.3-4.3 giUull J 
^ 4j«Li jjII Ajj-aliJI JjUs 4-0 jJiio (closed system) faJL»ll 5_«jlal»ll La! j 

4ili_a]l 4-ajliia]l J 4-Utlu jjll 4jj^aLaJI jtiaj V j aJ ■ aa II (_£jLall (Jaill JJC. (JjLoi_aJ I g la-la a 
.jJuLbaJI (jjiLull Ci^lc-lili ig-^aJI ^jJI J 4lUall JjIjj (j^-aJ (j^lj 3l*<ti Jajj 4-aj]ala]l Jjaa 
4 a jlalajl Jj . Ailiiill jaj t<jjiLalll 4-ajAnJI AjLIjIII Jjc-liajljj .ojljaJI lilli 4JI0I ja j 

.JaliaJlVI J <jj jbUt-aJ J^Li J jia.1 elja.1 jLaJ V J 43LUI . .Jill <alixll 

J L^iic. s j' '— II j .4-ij.iajl 2 ui^JI CllULuJaJ La Aa Jl 4\xjLi Aili^ll ^Jaill (jl 

.6.6-5.6 .9.5 .6.5 .4.4 ^USJ 
(^L 4j.1i jj jj-al ji. JjIjjj V 4-« jkw ^ (isolated system) 4jjJ*^I ^jialaJI iJj 

jljjLuij ^_)aJlj (Jaall (_£Aa j .l^-ia ^jsj jl 4_uuojjj 4 j i al a l^laAj !/Li I j iaja a £a a\ajjij 
J ^ i , „ J i .4_uia]|j 4jjjaJI (JjULnJaaSI J !)lsii ojjlj <Uj jxAjl -Uiiti jj ji, — N 

.7.6j4.4 gaJaL.ll 

,<>'n .'oil j 3K<H 4jjl 3-0 » 'i, j] 4 aU « 4_4jJaiaj A^joLa 4_ajlaia jlalkj a-all Jat'injj 
4j jl ' L-a j] 4jj jiLa 4_ajlala j 4 aU a 4^aj!iu j 4_ajlLa A^ajJaLa dilailai axj| Ja»*in'i j 
4iiUa]l L^jS l _LuiaJ -Uiti i a, ^. jl ejlc 4jjjjL« 4 -j^* - ^^aj-a-aJI (Ja»*1nijj .^jllj 4iUall 

^jja, Jc-lis ^fl jjluuLJI ^liil 8.2 JllaJI 

dliaS ^^jj^ ^JJ,'^ ^ 4juiai^JI J £jJ j jUaj Jc. 4-ijjaJI divl&lLall (Jajtluij :4jLuM 
4jjV lb all Cilia. jllaJI j .AjjjaJI clil J ■ ax]| j .! nil all e ba _jll 4Axumajl L-ll il ■ ax3l j tdLalUll j-a 
dlUa. jll ~1 SalS Uaj jl j ^"l i a <i 4jjoi jl I j ^"l i a <i !>LutjaiJ 4-ijjaJI Cll!>lclLa]l (Jjt uS j^Ajj .IajjC-j 

.jclaill jl ojjjjjoJI JjS JclLall Jj j»jaiill jlj-a t_iLLaj .(batch) ^-JA-^I OJJJJJ-' J 

jl jl j-a ^^>^j ^ tiillj jljC- (Jtj .(JjxjoijII «.Uul (.J^ja.l jl j-a jl I'tMr.li*^ t il ■ aJ V j 
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(jajJa j)\ j ai i nlj -jaVitt j| j»a i al i t ja"i*n,nll La-ajll J Lai .SjjjJjluII (Jlaj£l (^gja. <ia i "'1 a jlLo 
ojjjauJI J lalj .^^)aJI jIjj 4 iajail^J ^l^)a"unLi 1 " ll ala all j i llLa,jlla]l (Jl jjj C(Ja..JI jLjj 

. La£_ll£ V t J a"u " a ^_)a-a jl _J n"l ' n a (Ja..la -la.jjS co^aluiajl 

laA AiUallj Aiill (j! .(jjLuiill £^iif 1 aa.,-ia LiJ^ ^C^o 11.2 (J^ill Jg 

S^oj^UI j| Lalj .4_a jJalall jA (JclLall (jl_^a, ij 1 J '^L*J*VI ^ J'^ 1 j^i (jliuiLijjll ^"'J' a II 
^jjj (JxC ' al ■ iajj (jja ' "^ty J t - J iJ^^ J * J-' ^ J ' dllijoijaj jj£_jlxJI (jjluuiJI ^LIjY 

CllljjJJjoi (jl Ala. . (JjT nl'lll tljj! (JtlLall QfA 0jl_)aJI (Jl jjj 4lill^)aJ (J£joi ^jic <Lajliia]l 

.<Uj_}*-a jl A slit a jl <a.jjia 4 a^aJala i "'1 ja jH Clll jj S^adjoiall Aujjuj &^a!xjia3I ^ j-ia 11 (JcLiall 

V 5Jj£ll jV 4j*1u jjll 4 u^iUll ^ Aliill (jj£j 1 alia 4-ia. jll :JaJ 

(Jcliall (j* (JIjj i 111 al-^ -vll j (jjLujjJI j .(Jjijjiill f.ljj| ^Ic. jll jlAa.) S Jj.la. __>J*J 

' *,' ' "V ^ tj^^LaJI (JsjIU 1 g la ^.J^-J jl 4-" jJalall Jl AiUa (Ja.Ai V j . (Jj» ni'lll - 1 friit Alj ^ jja SI 
<aUa J jj (gjLlaJ^ll jja II (Jclijll (jl IJajj .<La jiaiaJI JjAa. jllaj J ja. j ^^t ' ■ Ual 

(Jjt uS ojl^)a. 4_a.jJ CS^" ^ °^ ^ 'S?*^ LSj^ ^ (Jcliall (j^i Sjl j )aJI (Jl JJ 4ojl_)a. (j£jui 

ya (j aaj La Aja. _jll ojjj^ ' ° i a j"' (III .iili_)ajll Sic 1 i ia Jl (J^iC. ' °1 ' <ajj .Aajlj 

A »1» " ojjjjjj l^ilj iAiUall 

Sj^il J (j\jjjja_a]l| AiUall j AjjSJI (jU tpj«"in«ll aja"iniall (jjjjjjunll J Lai 

(jjJa-ajll (jj ^ 1 (J-axJ (^11 AjjJaJI ClLiltliall j . (Jjijaall dLjjl A^ijiaia]! JjAa. jl j a"l i nlj (jl_)JXJ 
Ic. jAii jj£I (Jjiiiiill (j^i (jjiialll (jjia (jl ■ aa II (^jLall (Jilll (Jj - aa 1 ■ Uj-oJ ^ a j* « " ^Jaj 

.AjjjaJI Cj^UaII J 

ojl jaJI Aa.jii -<^*H (jV ojjU 4iUall dlja (j^i j3n-a]l ^ jjaJI (JcliaJI 2 U< ,'r» Lj 

.^a.lill Jji> .tnll (_5jjjjJa (Jcliall J 
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<1 . .i y Cilia ^ j* - ' J < djlftla 



• (jjlmjllll ^LuV LSj^ (JclLa :1 1.2 JiuiJI 

jJlc J J jl£ (Sir Alexander Fleming) jjj*la _pijSSi ja^II jl Jjja. Ljjj*_aJI ^ <sl ^ 

(j« (JJjill (jl LaLaJ L-Sjj*_a]l (j< (_)*aJ 4jli 4 1928 (ji (jS*JI (j-a ^jj "Li^aI t£ljJJ 

Jx-j LfjJ&\ jj'"/'.^ el j»U (^iJI ja (Moyer) jjj-j (Chain) j (Florey) <^ jjla 

(jl (jS^U ^aJjI^aJI (j^i ^l jjl S-iaJ -LI i .-1 ill (jljjill (jl LjjJ (j^ (Jjl (jJjJUJ LSJJ^ (j^ '1939 j»l-C' J 

(jja i ii a -ic^iaj La^iiji Jjbj .(jialjx^/l <=Jl»-a 4jjl£^iJ Jo (_£_ai»jj liAj t (jjl . n n tlb LaLaJ JjjJ 
Ajjjjy Cul£ (_^jJI (jiaJI AjaAjil S-^Ljjl ^hj^ JiJ* JJ^ '1941 J j .<_£jJa. jLia* J jl (jlS (jjLajjj 
4-^.tiil JJ JxJ La ,j dljlj tc.lj.lll qa OJJjS lliLuaS ^tiil JJj^> Aijjla jSa tAjjr i ^11 4i5Ll 

.£jjIj (jUaj ( _ s i& Lua£ 

jjj^jjall AjjljJI i^aJUJI L-JJ^JI «.Ljjl (jjjSjJ^VI Jjii-SI COi^* 4 > H J (jjl ' "J'.'H ^W-^ 4* 

(jiuaj ^-aj .AcU. ^ill jjlc ijSjjLaSfl AJ ll . ,-iH (JjiJ Jl AiLjaJ 1-LljJaJI Cjbl i^i«ll llljaj] 

j.lc J tlixi: 55 1943 (.It J Ijtf 20 (> 'IjjjS acj^JI ^ j'-^'J t *l jjll J 2 '-^ 

£■) jjl (jx JJjS LjLjaal (j^i li^ljj ilauit^gij Ajjj'VI (j^xkjl (j« Ij^lj (jjl i njllll (Jlj Laj .1946 

.Ai3ja «ll (.SjJaJI 
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pLW Jj Jaji\ ^ijfl 9.2 JUaJI 

f L^6U Um\ JjLJ! jj! J (j^jial .(1-12.2 JLill) jaJ ^ jS 

.(l_.-12.2 JLill) AaJLc^j AaJlv ijjj, 
.<U j^)*- 0 J^-J « 2 111 ' laja all ^-jfi * ' ^ (J-^fjj AijjJall o^-J 



S-sjIj :i -12.2 JiiJl 

.(NASA 2uS j^VI *Liillj 





P Liill SjjIj :vj -12.2 JiAJI 
.(NASA j^Vl 



2JIS1I aliuLi 4jl .Aia^o l^n.n-> ^3 oJi>JI AjlUSlI ^ jS3| JaiaJ 
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<ifcl$Iu<V1 j JaSjSJ! </±* <-L*j 2.5.2 

.<La jlaiall (jAjJa A-Utlu jlll 4 J ■ al j| pLiS j s. jjoj (jli-aJ „S/I j (_£Aa. jl ^£jj 

I g la j I ^ laia Lall JJC. (j«al jLijuaJ LaAj .Ajjl j-all AljLta J jlj _ja._jx> jlAaJI jlj&j 

ja.<i g"' 1 »l j AjxLi A-^aLai All jj jja. j . AjfLiiL^iall AiUall j AjjLloj^II jl jaII OY j-a 

AaxLu jlll Ajj^aLaJI jj (Jj Sj, aLaJ (ill: j* JL^all jl^lall Asil V j all L-b V .A-o jjaia 

Aa. AaJI jl£ (jj jjjadl (_jjijj_)]I jLia-all jA Ij&j . jj£ll ,J j <La jjaj all (J iill^lmj jl aIjjj 
aIaIx^ (JLaxlujil > j-s ; .cSMgAuil jl Ailji A^ fl*'"^ jl Ailji Aa. jl i^ja. jl 

.Aj jl ya 

.AjxIu jj "LljuaLi. li&Lgijil jl Ailji Jc jLjjiaJj jl'iimj jLijjjAui A_aJ 

^La jlaiall (j<i.^i a'Vi< (j^ f. ja. ^ iij 1 AjAa. ^Li All jll jLiajS (_>ai> (JeLij jja. Ajj ij . JLiaJ^ll 

* 

Clh'jC Aij tASUall j AjauoJIj aI&II Ajjl j-o jja. AjjUaj^ll CliLc.Liill JmMin' . jj^ll Jj 
CllU£j-all CjUjja. ' ■ 1JJ j* oAlcj (j-a <j£ Jc (J a" ni'l ' " La j i . iL&ll |j& J AjjLloj^II CliiLc.Liill 
Ajjill ClUun^llj ClLi jJiiWI Jliul AiUaj iA^LajSj^SJI Cl^liill J ^Ua-Vl |Ji ' < °" j 

• Ajjjill C^LiLiill J (JJ=^\ 

Ji ^ jja. JLi^ Jc-Uj l^ji Ji^aj A-ajliia (reacting system) Ajk-liUI J-ajlaiaJI j 

Ajjl j-all CiVaIx-s Jj Aaia. A-aii t-Lo jlalall J (Jclii J- aaj I ajja j .Ji^l Jc. Aa.1 j JtiajS 
Lai .Ailla-all (jjiiia-Vl ^AlV j-o Initial (j^i j lA )aja lall JJC. Ajatlu jill (j^al jiJI x^o (Jxilxlll Aj*j 
A jj£ll Lgjlial (j-o j I laSa AiaiaAall (j-aljaJI (Jt L^AuIaJ (jja. A-al^_a (jjSj3 ialiaiVI Ajua 

.10.5-9.5 '9.4-8.4 «9.3-8.3 ^LiaJI J AjkLiill ^ AJialia A-a5 .aJSJI 
Ajjja. AjjUajS CtitLii J^aj ili c(nonreacting system) Ajk-liSUI <L« jJal»il J Lai 

jjj all AajS Ajjl _oa!I aJjLx^i J liliLjAuiVI J All jill <_£Ai. f I kct (j£aj 111 .UjJt ji AjjUaj^ j! 
•hill AjjjiLia A-a!i .AaUall ^1 jit jjj La J (Jjjaj LjjS aaj V j AjlclijV A-o jlaiall CAil£ I jj 

.11.6-5.6 .8.5-5.5 .10.4 .7.4-4.4 .9.3 .7.3-4.3 ^UuD J AJtlffiUI 

Ailii_all ^l^jjVI (Jj_jaj ^& 4\* ui jj Ajj-aLi. liO $Ai "I j Ailjli j a i aJJ (^jjll jiVI SjjjJjjiII j 
(jjj La J (JjjaJj Ljj3 J-^J Jll A a Jalall J .(AjjLi^£1I j Ajjl_)aJlj Aj^jjL^j-all) AiUail 
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1 alia cJLIaII (JjJjoi ( _ s Jc- .Jija.jll (j-o ^^ioajj 'ja.1 AiUall ^ja ^jj J jajj tAlliall ^1 jjl 

Ailkll ^1 jl^LJ! o^Uli Kill£ia.Y1 *■ . ij > ».i <jJ ja. <iLL J] S ; </K ; J 1 aSUJI 

JjAa. (jliuiaJI ^ (Jjjalill 4 _j-a ^IjjVl o^A Aa.jjj . (jj£ll j "Lajliiall (jx (JS ^ 
JLmluil L_!a_l <^2jt<M <SUall V) AjUaJI (>a ^.ia-a £ jj ,*-a JaLull jja. cli! .t*Dl^JuiVI J JjJ 
^JalLall ^ <5Uall ^1 jit jJJ La ^3 Jjjaj Ujj3 J- aaj ^1 ^Jaill AjiSllo .Ajjl jail <hl*x 

.11.6 j 10.5j8.5j 6.5 

AixutLobaJI liS^I g **' ■ -V t j Juljjll j £ jaJI j (Ja.Jill Jj.la. dAlAt aJ j ^Ijil 3.2 (Jj la II aa Lj 
(_jA liS^I frluil j Jul jj J jAa. lfc)3 Jia.jj V ^^jll <Jatla jjll (j-al jaJI ^JAa (jl iaa.V .t—ltjall Ia* 
tllV jail J AjJ^aixll ** fcallj 4-il£ll ■* fcall J ■* Hba-i all <uuaijj]l (j-aljaJI (jl 1 4 laia La (j-al ja. 

^ji ts iii Vj J jJJ V (_5 jl jll j ^^laaJI ^a. jllj AjSl i .all AjaJill j AjKII AiiLkllj 2jjj-aj*JI 
(j-al jaJI AJla. ^ Lai . ^Lal\ jA LfrjL aa S ial aa iVI "UjlLt-a (JLsxSuil j 4(jj£ll ^Sj *La jlaiall 
,A"^1 g*. i.Nfl j Jul jjll j_£ja. ^^Jc. ^jlaj ^^jll jail <l^l*-a (JLaxjjail ' ■ t(_£ja.S/l <j*Li jjll 



jaII 4JjIjl4 Jj^a, LjUji^'i (joaIa :3.2 JjJ^!l 
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II ^jjjaJI Jell*!) (^luaLl) 10.2 JllJI 

£jj j ^jju ^LuY 4jJ^' Cj^UJI Jl ojU (jLoJ t8.2 JUJI ^ JlinSlj La] lis j :4jtui« 
Ajj^li-a ^xj ^ jdiaJI till jlaiJI aJ^alla ojjjaui (JjxJ ^J'V all J 3 ; j-ja II jjlall ^j-a 

? ( jtjjlclij'V (jtSjlcliu <_LvaJI ;>Uaj j II ^JlxJI ^ 

' ' "^^1 J jj^jliJI Lj-ixi tA^lli-a CjU j£-a (j^i ^ jja II gJLtJI -jaVitl o^La I(JaJI 
<_£ J.:^ II (Jc-lLaJI jmj lil i - ■ '— 2 j t jjLajjj JJ (Jjajjj AjjLlaj£ 2 j jja dL>lc.lij iaaj j 

CS.!>LiJI <_g& jjJailll j 4<JjLlu (j^i (JjLoi ^j**^ aj ml L^ia j jdlaJI (_L-ajJ * j/'^ Jj^^A 3 4_aJ 
(jjj (Jtlij (_jl Aj3 (J' aaj '^1 j-all ^Lijjjll (J - aJI ojlc. ^ jlLaJI (_L-a3 (j a i '-'jj ' . \.'"'jT'^ J 

.Ajlc-lijV J' <aJI <La jJala W . dlljj£JI 

ljjS ^ JjKa 11.2 JllJI 
:AJU*a 

NaCl ^1 J j-j^j .*UI ^ KClj NaCl ojaUl ^1 J ^j^j .a- ^ Jala 

Ajjtljjjll Aj^UJI -Jo i_jl_£Vl (> (JS ,J 3 ja nill J jjoel .*LJI *-a AgN03 J 

.AjIcUjV "Lajlaia jl Ajlclij 4 -j^'- (_ll j£VI (j-a (j£ (jl (jjj .^LajA^I ^ j-a 

I jl • JLuyill <4£fill jt JdUSH o- g- jS ^ Jl j-J jJI <>j4! V « JjVl Mj^l <^ : JaJ 

'"'V -La jiala (jj^J 

Cl j Na + <^LijjI clwj^ W^^jj^- >LJI J jUUI J^jj c^lill mj^I c^j 

^ a .'' "*,^ yJ^^' V Lt?^ ^ Jl Jj ^ (Jj^ Jl _>Jt jjuujj j dlLjjjVI oiA ^jllajj .K + j 

A-a ^ JajJ I ^jqaj 1 4 j^ aa uj a 
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j4 V NaCl 
S U KC1 




.(Jtliia IfrjJanj 4jjLi^jS ( _ s Jc ^jiiJ :13.2 JS-uiJI 

NaCl(aq) + AgN0 3 (aq) -> NaN0 3 (aq) + AgCl(s) 

jjj^j 111 i4 ■ aflll JjK I— lull j (jj^ji ollax^JI CllUS^all (Jclijj .i_lL^a S J ' (J a ^1 



{Sb Jl\ ±a> ui^j 3.5.2 



ijAjJa el jqa all 4jajoijj]I 4-b al II J i aa J (_jill ^1 * all Jiaill jl £jJ_)ll j»£ljjll 
fljjl 2 ^jlv^ll <jatlu jjll alaj jljlLa jjimj 'l.3_ya. j^i jjII Aa. (jj^J LaAic. j .<Lo jiiLajl 

. jaLiiAVI ^ j^i <jiajil oXoJI 

A-o jlkiaSI ^ CjI jjilall ^Laa. fjl 4_i3 t-ijJi (steady State) 9 jSIuloJI 4jt»Jlj 

(JjH>rs j»C.J (j-O^' f (^J^J t3*J^ll (Jjbt-oj f»7»*^l j Jai_i_ajlj Sjl^iJI 4-?.jA (_gl) 

Ijj .4jil_)C.jj _aill jj' all J .' ^ ■ ajj (j^- 4 ^ .AjjIS u L ■ a j ^jS J ja. AAjaJa CjIj jliij 

oj_jj-a (J£ CjAj C(j^iJ>ll (j^i oAo (_JA« S^ailuia aJL^ <La_jIaL<i tdlUakl oAxj ttlljjj-a 

jl "UjLoia (jj^J I *g JJJ La j sjji.Vl j JjVI (jjilakl]! s-lijl <Lo jjalall CllVLa. [jV clgjkjLuJ AJjLa-a 
■Ls._ojaioll Aj«jjijj1I 4 j - al a II (j^i ^oajj ^1 4jl jj' — ^j-a ~ ' '-"'Jj I g i -**».' (j-o Ajjlila 
Ifra JJ~- (J^x-o (jaiij A^ijialoJI (Ji.lj ^1 jl jo'imlj (3^^iij Aj«luj!ill <;lualaJI lilj . jl.yjn 

S^o jiiloJI AjxjjijjII <JjLaLaJI jl^Lo (jli 4L_1 _jajl _>JC Clljlj Jjixaj «.LoJI jl^)C. ( _ s ifc ( j a 
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SJLaJI Cjli <Lo jJalall <j Lo j^x-o j»£ljjll ia. (jjf^J lil .aJjLoILo CllUaalll j iA maj ^.'J 

-5.5 j 9.4-5.4j 8.3-4.3 ^ULJ ^ s jil...JI aJUJI ^ ^k. oj^l ^V<.«j .s jft.nJ 

• 11.6j8.6-5.6j 10.5j6.5 

j! (unsteady) s jSLaJI jjc LiJ ^1 (dynamic state) SjJLUJI 4laJj 

.(>jjll £-« 4-a jlaLall ^-3 JaVl Jc. .laj j Jjiia 4-aj3 4j3 Jiijj l_ijla 4 (transient) SjjLxJI 
(jl I jiaiS . J (jc 3 alia a <La jialall Ajltjxall 1 " ll Lfllll j^jlui t j jj all J JAajll JLaxiojlj 

cli) . jL-ail AilLk-a ^Ijjll 

aUJ (^aill) i_ilUI ^Sljpll jl (jJjll) '.'t-j"^ ^IjjII js-*^ V 

9.3 ^JaULlI Sjjiial! fJajll ^ tjjJall ^Sliuaj .ialia-iVI jl <j jl jJI <li**l J ^ 

.9.6j9.5-7.5j 10.4j4.4j 

aj ^ jll A iiajll *^ <_S ^" ^ J-"^ ^ n ' ir -l » Ji*-" »J°* jJalall (jj^ 

dlLja ij 11 Cllj laj lil .(j &lj^i jl £31 J ;J aa ui L_lla t j'— lj ^ .Ia jL-aiiuil IgJMa. 

jl Clija. c(14.2 JLill) (^Uj^ll L_llal! U,U^-, Ut^„ ^ <ul$ 




0.5 1.0 



.^Lj^all (_jlall UiU-i - ; kU-^ - (J j 4jj1s ^ i jjj :14.2 j£*ill 



jl 3 it-: Sail ( _ s 3 sj a^aJ ^1 ijfr^ll ■ . ll la£j mVI (Ji p £-« klaa all ^ 4a. y> j£ (jjsl JJJ 

2 ILa. ( _ s 3 I iA (<_J Sail) A a jjalall lil .<Ll£ Ajjoi ^Xo ^^Jc. LiLaC. ^liLalo j i— iL ajjll 

(. j a. J £ Ij J lol a.1 jll Aj-a iill f.\ j =J ^ 1] CjjJaj lil jSl .<Lil£ <jjoi Jl jJa ejSluKl 

.S^a.1 jll ^ ■ ajjll pLlil ojjilo AlLa. ^3 L_llall jjixj lil .^ji-Vl l$jl (jc UiS lilta-o 
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II ujS Jjla-* 12.2 Jlidl 

.(11.2 J15J) f U <> MJ £ J KClj NaCl tajiks ^> J J!ah :4jU« 

liU I afra J-^j eLall Jl jja S all <iLlojS1I L-JIL lgJ!>Lk I ajjJaJ jll Ajiajll eiall J jJajl j 
"ULa. J "Lajlaiall (Ja 4<— 1 j£ll "Lajlaia J ^LajA^I ^ j-o 4_utLijj]l 4a. alaJt 4 ja. uill Cl±jl£ 

Vojjilia ^»l 'j''"'" 

Jxjj .iaSa KC1 J NaCl j f.L» (Jj cAjj^.na <_>J-L>1 Mj^' J .i^jj V tAjl^J! J :<JaJI 

JL-i-L .K + j CVj Na + oUjjVIj »UI J& ifj^i '(J^pVI J^ 1 ) 

(_£ jj^all (jl (jJJJJ i^LajA^I ^ J'^i j-aJ Ajiajll oAall (_£.la Jc. dlUaalll AjjlLaJj < jj> all AjLij 

.'ijjxla jiaiail (jj£j 111 . (j^ijll ^* JJ*-y (J"^l J Cjlia_uall qa 

^ILaJI lJUsII ojj »JLjJ 13.2 JIUI 

Clll jjj] ojjoiC (J"-»- " 4 IS a AjLxLaJl JJ ^a^J (jj^. 1 laJI i ■ Sail 4_a.l jj La Lllc. :4jLuM 

AjL^j (J_jLiJ Aj1j£ S_>ijl 15 (_5jLuij Jajmj jl IS-aJ La .1^.1 j]| o^Ljj Jauj Jill " idxall 

Laj (Jjlll jaj IjijJj AjjJaLjll (jjjLajll Llllc. 3fr<ti jLjjjl (.SJ^J •(Jj^' ft*'"" 

i "'I ''I ■>* *N S jj. iaaall j mil 4 a» LI j CllljjjAALa (j-a UjSaljj 

Cjjhjl c J jVl AjUjj J jla Jj .Ax-aUJI J (JjS La-lic. ojjJ 175 (jS >?■ 

lilij Je. JaliaJI <j-a jLaJ j iAjlii ejjjl 175 J] (JjjUl iAjjlfill 4j1lu AjI^J l3j^ ,'J ^ ■ a 

.Aa-aUJI (> ^jij J Jl Ajjill 

jnirj Ja .jaLajAVI ^ jj-iaj^i AjxjoijjII Ajj-aliJI Aj]j£ (jl j t4 a jlalall jA (jS _aa. (jl jiiel 

4 jijui (j-a ^^lj ^A La ? JjVl AjjJI pLul o Jjiia ^ S jiLoLa A-ajlaia (jSija. 

J oAa (J^Li. ojjjtAa J o jiLoba <-ajlala jA (Ja ?J jVI 

(j-a j- aa J i J M i ial jjil JJ»J (jl 4 jlo jll oXall l^J cfc^i (Jlfia IjlA IjJ^ll 



4LjLjj Jj SjjJ 175 dulS, ((JI-SLiVI i-ajJall) 4»aUll J J jjSII ^jc 

Jl^lVI OJ3 jlall J Jj i Jiij .AJ^ S jjjJ 190 AitiS 4 ( JLpVI (_i Jail) Aai^ 
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.4j«_aLaJI ^ji JjVI (JJJ AAiji frljjl ajjxia 2 a^Jaxall 

J » UU 4jjlju £_a !iU]a dljlijj (jl (ji ja. 4jj£j (j^-oJ 'J jVI AjjJI jj-a A^lj ^jj J!>Li.j 
' illkj (j] ^jJI a-la JJ- 1 "* 3 L)P ' JJ' 4jL£j (JLaxiuAj .4_Lajijj L_ll^jai]lj 

4 JJXJ (jl iljai jjLaa a I JJ«J 4_;Kti Ajli£ jjirTi (jl £5 jjj tLjlaC. <£LiLa j iiL-a j tl JJj£ 

a-la JMi. <La jlala JJ*'»J 1^ .AjISII Aj]j£j AjjlLa !>Lag_<i ■ " Ai.lj ^ jj (J^li 

.4x.Lwi (jj^ujc-j £J^)VI 

(jja. Aj3j£ (^JjIjjjVI i_a^)la]l) Ajt-alaJI <1 _jj3 >'«*- (_£ jL>^ J -LjJJ^ AjJaLj^)ll ^CluijLa-oj 

Jl (jiajaJ 4j| rs . r~i .AjK sjjJ 175 (_£ jLuaJ l^jj (_jl i^JlgjjYI <— ijlall) A.i.^pj 

(jSja. j VI c^UI Ulu^JI <£U. ^1 Jill tdlj jljaa Jlj cJjVl Aii^ J^U 

I— ll jjj 111 .2JjLaia 1 ■ dc.Vl ^3 jAn ^LijAVI ^jiajll iA ^l (J^Lk ikSiLJI SJJjlLsII 

tAjll^l 4 iajaij^Lall A^uall (J_j^ dlljjlij JjVI "Gjjoi J (jjj 4_i^aLiJI ^^aj-oll 

A^jIsaa]! ui^aj Aljjla CjLaljjflVl 4.5.2 

^SjjxIa ta jq'i . i- « (<]j^x^a (<ilx^a (A^jllixi^ ^Jalll iJsJ ^*^J .^iUJI ^JaU-aJI 

AjijS ^J*j jjli jaj .,^31^1 t_jl>=JI JpZ d u^jj ' ; ^j»-^l (conservation) 

.l^ja ClLjal JiaVI JJjlj jialaJI ^ _»j ^SaJ Aa^aI AjjV <LaVI 

cjUl jjfl jUu, Jc JjlUI 14.2 JUaJI 

AAjuijVl ^ i ^i^a ^c-Luij Clilc-^ij Aj«j Cjla.1 jJl (jlfui J j^J t^iJJ JJP : ^l^* ta 

ilxa jj Aija^ 45 o-^a ' Lb all J t_ljjjj 111 
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2 jA p'"^ (jl (J-^J-^I .AiSJ 15 (J^ fLall (j-a JJjIllla 200 4J^>JjiJ t_a3jJJj 

j»l <a, jjia 4 a^glaiaJI (Ja .<aUa]l j 4 LaA LiA (jila^oll (jjiut_uijj]l (jiili-aLiJI (jl ^)iic.lj 

^^jj S ^jlV^ i a i a Aij^jJa (_Jj— ^aal (_jA La cLLaajll s-liilj ^^A (Ja ?4ili^i 

jaLj .^LajkiJ! ^ aIS c^La ^jj t-jjJlj LaAit 1 5.2 JLill) 3l£ll :<>JI 

lillj (jjaj t Ifria Jjijj <La jialall (Ja.Jj 4jj^]| (jl ^1 I jiaj j . Jjjxjllj (LaiLalj s.La| Ajj£ 

oXa 15 lK s-> jAj cs^JJ l) lA ' J •^■j^- 0 4-aji^l 

(_jXa]l (^^it ^j-JJJ -Lajiaia ^ s-LaJI ji^ljJ (jji 111 j ijjajll ^-a 1 j a"] . a <i qjiA (Ji.jJI Aa. (jU ' 4 jjS 1 
^IHjVI (— SjJall (ji ^JJ (jl Ij^jj -U-O^ £-« (J*J (JJ^J 5) JJ- a£ll 

2 . 



^ JJjillLG 200 

Aiaj 15 J£ *U1I . . 




.^jj J AiiSlI 2ujl^ :i-15.2 JiAII 



lil 

2Jta. <jl (jialjfial jlHaJ (jl "I 4(j-a_^l (j"° AjjIj J ■ j ' ; llSlI 

SjjUa jj] Jac. Jl ^jj ^ 5jjji-all AiUJI Jja2 :( M -15.2 JLill) ASUall 

(jU tdlljjjk. ^^It (fi j"'^ j V ^_>Aj L5-^l *LaJI (jl (j^aljjalj .<a.|jj| Ajj^j aJ 
Ijl^La ^5aj i_j j^j *Lul (_5^>a.l jjU^a-a (j^i jl s-l^xll (j^i <CLa jlala (Ji.Jj V All Jail 

(jl^plij AaLUI ^a (jlt_aj LaA (jljj^AAll Sjl^jaJlj (_Ui«Jlj . (jjj-a!ill f-liit Sjl_)aJI (j^i !MjIa 
4JU3II 1 '«. 4^a jiaiall (jjS iAjaLjll o^A (j^i - j 1 aa St (_J^La]l (JajJL qjiA (j£l iA^i jjalall 
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*LJ] pjnpti ^jlall JMj AilLl] & 

idlljliic-VI ol« ( _ s ic. s-Uj .(jjiiiill s-Lul AijUa >'aa^ ^JJ jl CS^J ' °^ ' M JJC 

sjl^a. 4a.j.^ 4 unl mVI ^jJjJ CjI^joij^i JJ*JJ Ijjj .4a.jji<i IgjL) <LajiaLa]l ' ^* J ' ' ; laj 
jl "ULa. J 4j| ojLuC.1 i-^'^^ C(jajll £-a AiS^jxj (J^x^i Jjijj jjj c^^lla - 1 aa II 

SjUlrt^t AjSLL (j-o I* ja. t-ijj-aJ <jV 1 tia jlilia-a ^JUpj^l j JljCLVI (^JJ gr^jla 
AjiLla j]| <> . ajl . —A. JJ«2 44_iAajll ^Ijjlj .o^jjlc. "Ula. J cj-fJJ (j' CT* ^J'^ -1 ^ J ■ '— $1 jli 111 

.o^jjlc. ^Jla. I aja &ja jjf^J lilj tjjajll £*° 

p y^aya A_ixjoj alaJI -^a-^ ^ a^&JaLall ( a - a j jl 

a i n-^ ,j Al\ja\\ j aJj£1I (Jij jjC AjJ^C <Ulal ^^ij i_i jjji c4j 3 jjL^aill J ."Liiajll 'i-lall Jc. j 

<aUall j (_U*JI j SjljaJI aJ jj f.lj*l] UilaJI i_£\iiJ L^ojI J-",,. j . jLajyi 

.4jj^a-all 

s * 

C-jjJajja *Lajh'l*ill t_Ll^)xjj . lAAj.laJ l_Sjxjj *Laj)Viall (jl 
JJ«J (jl (j^oJ Ia J j Aa. iil]_)aJJ <La jjalall JJJXJ jli I il . <ULuiall (JaJ « .Ajll (JjS Ajjx-a CjL-ial JJSL) 

.sjjkaxi jl S^sluba «La jialall jljjcl (JjjS (ja I ■ iaj CjLwal jj*,l 

ll 1->-* J OJJ-AJ JJJJ llaj .IgjLajj jll 3 -j^'^ lililjAJ AAJljlaj 

<iAjJ\j OVjUoall ^ l«J ^IjSII j^aj OljL-alkVI AiU^j lAjLxll a^UJI 

4 j i al a ll A£^)a. jj^J ■ " ua j A^i jialall i—Sjjxj L-Ja-l cdVlaJI a (_ji .AJLui-all j jjalal] 

JjA^ ^-"J ' .'7 J La LJlc. j .A^i jJalall Jj^a. JJC ■ ■ Iflaul] ALU LjiuiljJ cSJr^ ^J*^" J^' 

4_La&l ^-.^i jloi jjiiVl jJllall ^ .^LajialaJI ^jli^ jl JilXa jj^ ^1 jaC jaU 4_ajlal4l) 

tjLijj^adl ^ JjiaJI u>*^ 15.2 JllaJt 

lilllaj AJaJI fLic (Ja.b JyaJI jV ^jJjII 
J — 90 mV jaj (_5 jLoj (_^i3l JLij^l <a.lj]l j>a^ Sic AjkJI ^jJSlI ( !? ^JJ .>U3iiil J ja. 
(J^ i jj tliA «LixJI j_j^ (j^" JalaaJl j .CllljLuj'yi (Jj_jaj] jj-a^ liAj t dll jj li aai 11 

/^jjjjj-all <ajJa< ^ijj i!illa .LjJIj AjlaJI j-a 4 ja uill A^^a. tllLijjVI ^1 j dllajJaa 
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I i&j cl^la ^jjAjj-a CjU jjI ^l^^a.1 (JA^a Ajla il (J^ljl Jl ^jAuAjjj jAjLi ^jixaGji 

s-Liiil J j» jj i Jj _aJI CjljjS ^xuaij j .Ajlall Ja.l.lll jja SI ^j-a 4 la uJI (jl ■ aSj JJ iS^Ji 

.lgj3 l^-aLa^jl ■ ■ UjluJ Ajla II (j^i ^ j_)iJlj K + Afa. j^JI ^ Jj ' nlj jjjl CjIjjjV 

A-juia j| Clll.la.Vl IgjlLal (j^i AjjI .'Jfi^ ja->. *\\ lg_La j tA_ia.jLaJI <"'t all j'- nJ ' j 
CiiLai^aJlj c^iaUalaVI IgJllLa Aj^jjl^Lall dll^jja ttllj C^SjI^aJI .".<■«.* jl (jjialil (JjjS qa 

^ jja j.^ill oljjjV laajLj t (acetyl-choline jJjS - J/n...Vl l$liaj) Aa^-axil 

' —65 mV (_sj-^i Jll ajI*JI Ajil js * Liiil jj-aS Jj-a j lili a^Ull J^b Jl » jj^Ij jJI j 
i-ijliiko (jc. JSj Sxa J!iU. LIS aJ kSU cLiiil Aaa j faction potential) <iiaa. JjjS ^ 

^il^pjj ^Jll ^jjA j' ail diljjjV AjA jjill ajAiS g j i aj ■ *ul Kg") . J s-LiiJI Aaij LaAio j .SAa.1 j 
oAA (jl . < _jjjt>ljJ dLiiil _)Jt 4 la uJI ^J^J tj*7\,' La IaAj ' I gAia uj \.\.'^"'l Ajla II (J^b Jl 2x.^uij 
JJC CjIjUSVI (JL"ij) Jc ojALall dllj jJjuojlJI ' pi nit SI (jjJ&i £i^yjA\ jnfill Jc. ojALail 

■ ^juaa S I 

J .16.2 JiSlI J (j^l (jjj.^B J aaXJI Na + /K + _J H.,™ ^ J Jab 

Aa.jlLa A-ajIiiaJI djl£ ^jl 1] laAl A^aj^JI 4 ja uill A£^)a. (J]a, iillj L_lj I lLl^I CjVI^JI (j^i 

AAaj tojjilLa jl » j«* . tAjlclijV jl Ajlclij j cAj jl a " jl 
!l <a-iJax IgXiLa. J-ojij Aaxoj (J^J^^ J .^-aj^lail 4 lajuijl ' ina _ai l^JLaxlLail ' ■ la J 

(I) 2^ ^Jiiali J l^jI ^ jssl j .Na + /K + 

^jjC- jaj (<_l) 5-a jJalall Jjia. (jl (_pajjalj .LaLaJ s-Uixll ojjLa-a 
SJa.lj CjUjjI 2U^a (j a i iaJJ 4-ajJaia3l Jjia. (jl _)iic.lj .(t_J — 16.2 (j£jlil| Ajj j±i aatll 

.(o-16.2 J^l) 

:JaJI 

^ c^jj ji.^itII AjlaJj ^jUJI j Ja.UI (jJJJaJI A-a jj^lall J jAa. - ■ aJ LaAic :(!) Aj> jjalall 
.4lli_a l^jl jA <La j]alalj ' Lua j (Jj_aal (jjSj 111 .Aij^ia (_^L <La jlalajl JjAa. dllj jjVI _>J*J 
^jjJa j-a AjILuJI dliajaJI Cllj ClLjjjVI ^-a AjjU-aJ^ CxAc\jLi Aja.J ^^C. Jj I jiaij 
AiaJoli J^ll jl^iaJI Jjj tA-ajlilail (Ja.b Ajaj^JI A£ji. .AjlclijV A-aj]alail <jjS 

A-ajlaiail (jjSj 111 .Jl^jjVlj JlijVI (jjS^lail Ait Ajoiij A^ijlalail ^3 Aia. j-aJI 
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aLU-o qa liEljjjyuVI j Alljjll (SAa. (_aia. liljlLaL tAjlc-lijV 4-a jlilall jl J] I jjaj j 
£ jaJI j JiAll (_£Aa. Jxja. lilliS til&aJj .JaliaJ AjjlLn-a J] 2J-ix^ll (Jjiij lift j tAjjl jxll 

:2uSUll ALU-all Jc 

Y =0 

acc w 

V 4jU Cj»LaJ&VI p ^aj-ia^a 4-a _aJaxall 4^iaLj (j-° ^ a ^ ' a Al-iLt-a (JxaJ ^U^lx-all oIa (jl 
Aikiall j 4jlaJl j a ■ aJJ ^11 <La jlalall J jAaJ jLikVI lift (jl .l$ia lAa. Jjlal! V) ^tliluil (j^oJ 
sAj.Laill SS^aJI (jt Akjxl Lai i_ilLa-a IjlA j 4 jjxjj s- ( _ s j^ V (jl LojlLa a a-jlj laau Ljj 4 iaja all 

. s-Lixll (jj-a£ ojlaliuil tLul 4_xa,^all ' " 'I ia uill 

jaj . pUiiJI £-a -AjjLoLo g j i all J j 1-s II Jji-j La Vir. "La jlaiall ' L-a j JJxjj : <-J 4_4jlalall 
(jjiill (jj j ja 11 Qll 4^a. ya\\ A ja ujll (Jl£ij| Jc (Ja'innl CjL) jjVI 4 a ■ '— a jj£ LiA 4-a jlaiall AjAa. 
jm' t»l mitIL AllaJ-all 4-a jJalall J jAa. __}J*J dlLi jjVI (jl J) l^jiaj j .^jLa. j AjlaJI (Ja.|j 
Lj-LajJa ^ jjj jl aIjjj V illlia uill fjj AjIcUjV Cllll jLa 4-ajIiiall (jl JJC. 4 a j* « a 4-a jJalall 
(jl^Si MjilxILall jj i all (_£JJ '(J-at "ULa. ,j 4-a.jJa.all (jj£i LaAjc. j 3 jjl j aj£ Cl^lclij A Jajoil jj 
Jl I jiajj . <fa. j-all ^ J^Lj _oall CjLijjV LjjLuiiSlj <-a_aiiia3l (j^i 4_la.^aJI 'j 1 djLj_ojl 

^jj_ia^a 4jj-a^ll oAall frLulj .ojJXAa <-a_jiaiall (jjSj cjLpjVI J JIaIjVI (jjS^jlall l_£Lia.l 
.<-ajialall J <ia. j-all Cj\ ja uill L-llL a ^IjJ 4-aJ (jl£ Cj»LajAVI 
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^ ^jki* :S-16.2 Ji-ill 




(jU tSjJxxoj A^jjLa A-ojlij-a]! (jl Jl tjJii (j^l Jalia j| SJ-llx^i ~y adj V j" 1 '*' " 4jJ _9-«^l 



w _ vp _ vp 

1 in 1 out A acc 
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^^)aJI (JjSJljj (Ja..}]l (jjSJj (jjj (3-)^ L^J^y 4ljy.lajj t CjLo jlx^ll (j a» J 1 ijJaxJ <Lajiii«a]l Jj-laJ 
2_La_.il] Ajlxill AjAlxll 2 ajSH t_J ma (j^-aJj A-jlaJ ^ j»£l JJJ ^^ll A ia mil jljlLa ClAj jjVl (ja 
jLca (jjjsL-all ^_)aJlj (Ja.Jlll ^3 &1 Aj^lLall AjJJjajll (jj^ ^ "'J - * A^i£l jiall 

jl^i-ll J j_ta. (j * ■ '— " 1 alia <La jlaiall ■ « ^ j jjxj AjfljS 4ljjaj : ( t ~ J ) "J^** 

Aja. j^ill ClUajuJI (jV iAjlclijV "La. jjia -La jlaiall a jlA __>fixJ < 1 ■ aj liA laaS Cllj jjYI AauJaa 
^fj A A, , ^jc. tiljaJJ '"'1 ia mil (jl Jl !»*'■" ^^)ajj CjlijjVI Aa-iJaa JjAa. (JaJu 

ijjEl ala jLpjYI j JI-IajVI (jUjlall (jj^Jj 4A_ajiiiall J Cil i-s m (_jl j»£ljJJ V 'W 3 

fl^ailjaLa Alia. ^^3 4 a^aJaiall (j^£jj 

^_3 dllx-l La£ j .A_a£>La ialiaiVI <Ujll*_a (jli 1 (jjjkjLJI (jjla jlaiall J (_L-aa La jl_)C- Jc. j 

lejSluia A-ajIiiall (jV tl ^Ijjll .ia. (Jxa. liljl^aL) 4^1) A_a jlaiall 

VJ/ _VJ/ = VJ/ = Q 

A in A out x acc 

VJ/ = vj/ 

x in x out 

o^Jj Ifria ^->^ AajJaall (Ja.Ju Jill Aja. jail ' " 'I ia mil £iaa. (jl Jc Ajjsl*-all eifc (_>ajj 
A__ja. jjjLj 2 ,aX jjc S_uLal| ClLa jljuall (ja ^jLllS V] (OSJ V LjJ ^ 4 AiSblU (_£ ji-a ALU-all 

A-jlaJI »l .nr. (jja£ J Ajajall CllLj ji^l 

A_ulx^i (Jljja.1 ,J IjJJ^ 'j^^ J-^J^ A-ajJaiall Jj-la. (jl^a (jl JJ^j 4.1i£lj]l ^ya ^jj-al 
\ iSl 4A-ajialall (jlij-aj ^jUa-ja ■ a (jljjLlC dla._)ajjail 4^Cll|j (I) ^jiLajlala]! ^3 .AjjIjaII 
(y& ^L_l| A^i jJalall dl3jC ^^jll A-a jialall J jia. lll&a 4AjjlLa3lj . »1 uatll (jj^ ja^il (jjjAjLa JJC. 

.CjUjjI A a-iJa a _)JC. Aja. _o<a3l LllljjjVI t*ljiui '**''J.' Ajjlx^i ^l^alml 

(jjjljjill L-liuajJ AjLaaJI AjC jVI (ji »Jj^xil tliLajjl j»jLuaj 16.2 Jllall 

^ j ; ijaiH£]| j Jjjj L ujlj^ll j AjjAJllI t " \ i i a (jxi Cjla_i_al j»^ljJ jA UAi'^)^ ' . "**' •4JLui4 
^-a ojLa - iLu aJ La-ljc 4o^lc-j . (jjjl _)joJI ^>JC. ^aJI j^SJij Ajl^jll ^3 ^iaj ^^jll jlj^JI ^j-a lAjJtj 
i ll3 jll JjJ-a £-a L-lL aLUj Z^j^.yal\ A-a£ljp-a]l CjLaJjlHj j i adlj 4(^1^^! L-lL aJ £ ll ■ aC 
x^3j^a Jl A-a_jix-a A£.^)jaiJ AjjAJ ' ■ ' i J j j J aaj ^ajJI (jl (j^ajasl 

.AJISII jil J^Al .A^l JLall Olajjlll 
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La ?<La jlaiajl ' a j* ( SjS L-lL ao31 £3 j^i j ^_iA .Jl i -imj^Lall a ■ '— J ; (_ji]l (l — 17.2 (J£juJI) 
2JjlxJI ^fl Uc.1 jaJ ^jlalad ^jll Cl^l <jA La y - J i ajll .Axj ^jll jU_$ ia£Lall ALlxJI 

£3 j-a (j-a Ailj^i <La jlaiajl (jj^J c " 11 — . I <La jialall J jAa. Cj JJC. lil J^aJ liLa ?4-a jiaial] 4-a£UJI 

?(m -17.2 JSiSH) iaaa ual jill Ail 

<Jaml _jj <La jiaiall JJ ^ijll cJ**'V V '(j^L>^ (J*\S <La jiaiall J j.la. a ■ '— J 1 alja IjJaJI 
V fLaiaVI 

,j jjjJ V j .<ili-a <La jJaiaJI jLjjC.1 (j^-aJ < i aa II (_£jlLa]l (JijlL Lj-La jl <La jlaiajl 

S^a jJalail jm'i c^xa. jll (J^ <_s' ' . 'L'^"' ^ J • AJLilit iJjjS (j^i i4.ia.jLi. ^5 jj it jJalall 

.<Uj jx-a 

<La£ljia]| ojLall I /'I J ajS (JclijJ V te llj a»JI l llL%Jj3 ^a <_jjAJ I— li a j* a - t la ■ aj Laila. 

Sjtr.l 4-ajIaiall jLjJC.1 (j^aj cJclsG Jj' aa ^^C. Jl I jlajj L-lL <ao31 Allala J oJ_aa.j-a]l 

.ajijjoba LjJaiaJ La I^Aj cJL^iiVlj ^jjljiljVI (jjSjiaJI (jjj <La jjaj all jxa.j Ji*^ 
.SJjla-all J lid^kuVlj jail L?AaJ J ja. j Vj c<Jaiaj-a Ajj-ala. jA jxa-jil " '"-'J'*"'^ ■' J 
Cxal j^ill Aa. jaA*jj lil jaJlj (Ji.^11 (_£Aa. Cy (J^ ' '^J ^ a_alaia]| (jl JJ l^jiaj j 

'.bjHuLA AJLa. (J <-ajlaj-a]l (jjSjj 

.^jIJlLVI ia jialall (_JjLjjJ JLpjVI j^jSI 'l^j 
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A^liia : 1-17.2 JiAH 




2L,jti, :cj -17.2 Ji&l 



.<La jlaiaJl ' a ■ a j JJ*JJ 'Ja^3 L- iL aa3l Ail (jt^a A-a jlalall a ■ '— J j ^ II JJ»j I alia 
Lai. j (J-aa-s J j-laJI JJ*J ( _ s jAjJI ' ■ Imj^LaSt (jV tAjj jx_a i'i...^ j tA_i. jjLa (jVi A-a jlaia3l (jl 

^_jjJa AaiaJ>]l oAaJI s-ljjl <La_jIiLa]l JJ*""J f -' ' "V ^ (_£.}LaJI (JailLj <Lajiai«]l ^11 

.ojjilla <La_jlaia]l (jj^J 1 jj_a < jjj^l ala Luy] JlgjjVlj JI.HjVI (jj3^>Ia]l (jV j»LaJ&VI 

Ajjla-aJI Aii^a _jj JaUajVI (JLajtiuil U&aJ i^ja-Vl jJaill £-a oUlx3 La jl jC- Je-j 

^_)iJlj Ji^ll JjiiJ (j^aj cAjfL al jj A^jjia A-a_oiala]| oiA (jl JJ l^jlijj .A-a^laJI 
Jti. jjjj cLjajl j»ij) (_£l '^J 'A-a_jlila]l (j^i Ali£ ^J^)i Ij^jj .l^)ij-a (jj^J VI 
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(_£jLuaj AjjIjIIjVI I (j"""- J' " jjV l^)i^a JljijV 2 (_£jLuijj .l_)L^a (_£jLoij ^_)iJI 



VD _VD —VI/ _ VI/ _vr/ 

T in T out 1 acc T f 1 0 

T in T f 



^Lasll ^jj^jJal! ^jx ' a ftja jll L_ialj*JI ©JiA c. j^lj .A-LilS 4j£ i - i4.ic.La.} ^ Jala JJ t4jj.L^a 

.*L^1^)aJIj >jW;ail ^j^. ^jj^l oljl^ail Qja CL&$\ e^A ' flliajj ^jU^joill ' lUsUl Clllel^aAj 

i'iju jila jjc. (jjllj jmi-n i I&jSj ts jWiilL i^AjZNt ^jjj jj jA Ija. <xjL!i]I ciiUI__>^.VI -laJ <jj 

U i ii nj jciilj jliiaijVI ^^J-a 4^.jJj tjjiaJ^all AiJ J ^JJJ^ (J"' ' a '»J=J3 4-ajLa 

JLkjV (jj^W^ L-aJi (J it") i ii j La LJlc-j .(jLjjjiil jlja. Jc IaLJ IjjJiLj a In m\\ 

At Unjij (j^L)*^ J^ CS^f^ £jjijJJ (jl (j£-aJ AjSLj jAj tsAlx^axJI £jJa j^i JJ ^1 jl-ii ill 

^jC ^jj 4-^, in'i^fl dlLl-lj (jjjlxJ ^jjJaj^ill (j* 5_lall i 25 [>a jjSi (jl VJ .(18.2 Jiill) Li. Jjia 

°_>^ U^!^^' -^J ^jL^Jjlil j^'j^ JJ L? J ji ij' U^- 0 ^ lift J tAjj^t-all 4^Ajill i_alja. 4 ii i «") (jijiJill 
j .A^iuail (jj . n^"ll ^A^j^A. (jja.l^aJl j (jjjj;!^! (jjin Vlg fi\\ ^)SLja tAi£joball e^A <^.l^alj .^^ykl 

CiLi^j j*j Ajlla^ A£^i :(j£-ax Ja. Jc. AjSjxaVl Ajj^Vlj SjbJ iljSal j i2003 j»Lo 

oiA (jj^! lj' ^iiJ ''^Ij AjJjVl ^jtiill Cl±il£ t4 ialuijl "LujLiJI jLiVI ^"J^J ui'iVI 

. JjjJall ^iall Jc lAli. oJJiaJI CllKlii^l 



:18.2 JiAB 
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jaliaJVIj j^il < _ 5 a]jU-a JLajLLuil qaHa 6.2 

dlV-ib-a (Ji aatAuiU AjJiLi jjll j-al jaJI j'— «J t—ll uia i ■ la-J c3.2 ^JaLall J oliuialj Lai lis j 
(jjjj la! °^ <VI "U^la-a (Jl aatAuiLl (_£ J^.1 A-l«lu jj j-a! ja. I— iL n-> (j^-oJ 4jt (jja. J tAjjl j-oll 
(JLaxiail (j^-aJ 4jl U.^N/ 4 la a Ajxjoijj Ajj^aLa. L-lLuiaJ 1 ^ II . ,.! L-iao ^11 <U.llj«_a]l 4.2 tjj la II 
laSa AUaAa-Lall AjxLi jjll (j^al jaJJ 4_a£La LaUa iVI <bL*^i jl jja. J iLajb Ajjl j^JI <LLL*-a 
o.ljl 4Ji«VI a U.» al (J^/Uajl 4 ja&j 1 ^ I aaAuij cLajlj 4jjl j-a]l ^Jjlx-a (JLaxiuil j^-aJ Ajl Ijiajj 

.l_iIjS1I liA J 

3j jl j^ll (JjlAjut JLaxluil AjSjS lj lao Jc 7 — 3 (J j- ajll J (jujjjll ^LaJiaVI 1 , aij 
Ajoi^JI (JjtaJ (^ill jA (JjLaLall (Ja. jjfL] V cLillc. .4ilia_a]l AjjjaJlj Ajflall jjajll J JaliajVI j 
jc. jU.il! ^Jakjj .IgJ 4_a£}La]! CllV ^la-all AjIj^j I gjl lajoi j-a j <-ajialal! Ij laj (Jj t4 it .^-i Ajjja II 
JJC. <U ^Ix-all jl aJLuiaII -jl i "II JJC- j»j-u jJI jjli i (JjLuball Ja. J liSj jl^-a j 4 u^iLjjJ! liljl jlg-a 
j^a . j l\i<-." ^ <_jIj£]I ligj AajAjJ^\ A^-all jU lil .^Jala. <_l! ja. Jl jLOjjjoi <a_ia_^all 
Salia "'I <Ll*-a Ajjl ja aIAjla Cljl£! «.l _a*jj tlgj Aial j^ll Ajjllx-all AjIj^j 4_a jJalall I— SJJ*J 

.JaUa^H j 4ijl jA ^Hi\xA JUilu.! :4.2 JjJaJI 













?ia£iL» JaliaJit 




AoualaJ! ^uit 


1 






aJSJI <!jSJ! 


L«ia. m (Ja.1 t> "I 






(jaiaJI 


Ijj^ajc. M Ja.1 (jo n 








1 


V 




aJSJI ^>J! 


Lai?, m L5a.l t> m 






(Jjja !l CLfJ jja 


Iji nir. n Ja.1 (j* n 






> .n'^!l Cll^ jja 


1 






4jK1I AiUJI 


1 


V 




jail AaUJI 


1 






2 ; <y,K r « 4iU=l! 


1 






2 .'.1 j3<!l AaUJ! 


1 






4aaU^ill 4ja^Jl 


1 


V 




4ja.j-all 4ja^i]l 


1 


V 




4 ia i nil 


3 






J=aJ' J 


3 








• (j- 0 J J-^aJ' (_)*ai3! 



Glover C, Lunsford KM, and Fleming JA, Conservation Principles and the Structure of 

Engineering, 4 th ed. New York: McGraw-Hill, Inc., 1994. 
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AjjL^aUJ 1$jj5j£ (JiJI CjVjU^II a}& ja (scalar equation) AjaIuJ) titfjU^I jj& 

J£] 2LU^ 2Jj£ (jfLaJ <2jj, aj»Jl 21&]| 

(J£l ( . T.C.n ^ jl j5l ^ jll J u^**'^^ f^j^ ** a^JalaSI j^. j^JI I j. eaic H 51 (j-a J' — *""- 

tljLfil.ia.yi 2j y J -f) 4jaL>jI Jjl a a J _ja. j < ■ UmJ AaaLu CJ^Ajla La^ia 

(independent ^Slu^l titfjU^lj .(^jj^I cjLfil.ia.yi ^ tyj 9j rj ^jISjjH 
CjVjU-o <c. j^7><i (j* 2JjL«-a dijl£ Ijj) Uka 1 ^ > >w ; 2<«",,...<t ^^1*^51 equations) 

OV-jla-aJI J^j JJC. A^jUII 2JjIxa5I CjVjU^II (>» LJaa. LuSjj 

,2_a jiilai] 1 (j^-aJ LJaa <JSluiaj| dlV^l*-a]l .lie. (_£jLuij 2 .jU'^ aVa*,, l ^ti 

(j^ajj 4 alia all AjjLj aj£ll ^jj-aUxJI jl diLi j^aJI j^i JJJ^ < _ s ^ Aj_j ; i^JI - 5ajj| ala* a (fi 

2JjL«-a 2_,L& (j^-aJj .S^^xlaJI tllljjLall 2JLs. Luiia. Ifl 51 (j-a JS1 S.la.1 j (Jjiia. 2JjU-a 

2Jjlx^ m + 1 (jLaj i\ uaa> m i-ili 2 ^ jU.-,» Jaj ^ tlij .2JSL5I 2VXU s^aj j JiU^jl 

(j<a (_JS1 oAaJj C^i jja 2_jj| 2JjL»-a 2j\j£ (j^^jj Lllaa 2 5Sj 1 a a 2JjLt_a 1-^ "i* t<Uj£ 2_jj| ya 

51 ojw> fjj»j 2jK\l CjV j^15 2jj| aLU^ 2jL& 1 j. ^v. n SI 

l^jgjj ^ 2JUJI j ljU 2Vo;,„„ iaSa aIAx^ n 5_aj tOV j-aJI 2jj| ^ cJ^Ajuh fj* aIAjl* n + 1 

2jj. -—*'■» ^ CllV j^JI j Ajj^5l (_jjiU^.I ^Jj^a ^-jjl J-« <ljl*-a jJajll (jji. 

tSjjl jail 2iUall j cAjJSII 2jUall :2iiVI tj- 3 ' Aj-aLo. JiliaJl j 2jj| ya 2JjL«^ 2j\j£ (jLaJj 

'!■'—» 1 Ij-iJaau (jt ^ l£j 1 a a CjV-llx-a5! oA/o (jj^ j»^-JJ 2jM ;j^SI 2 al HI j cAj£jj\£xaj| 2Jl_la5l j 

(j^i (J^5 oA^I j 2j jl j-a 2JjUi^i j <2^al , ^.11 2 jj| 2 ia uolj Aj-aiuj lalia il 2Jj\ji^i 2j\j£ (j^^ijj 

olia (j-a (jjj5jla-a (jl VI .2JLJIj Aj^jaII (jjJJjlj^)^^! ( jjlla uil l 
2JUjillj <±a.j^ill (j/'/'l ,'J^5I (jjiiajill j^jl^Ut^a jajJa '5 J' "*'5I ^ ^ '''.'*'"' L*5 laS jj Lllaa 

. Aj£Liwa5l ^ ja uj5 I 2_1 jiljt^o jj^a^ni 

2^aL OV^U-a C^X 2j\^ J^aJ |jj .jUjVI LuM2 La^i ^jljB ^jllj ^LaJ ^jB Lai 
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4n'^\jj CjIjUxj 4_ijuj.ljgJI dll jjjji.ill L ' ai ^j"' {J clA-^ cJ* L (Jj-aill I^A ^ lliJa jim > >il 

(jl (j^oJ ^^jll 3 a II 4 u^-iLj^ll CjVjI*-<JI Jl cllU^al jaal I jlaatlml j "Lajlilall dlUajui j-a 

jlalall j iialaajVI ,»JAli-o iil]j£ liaJSj .AjLI£j]I jl AjLjalijll jl AjjjaJ —tt i (jj£j 

cAjlc-liiiUI j Ajlcliill jjajll j c<] j jx-oll j "La. j^Lall j Vllit all -U/iti j < jjja all j <-o jlaiall 
b laj ^^Ic AcLuij CjLaJJ=u-a-allj jxiAlLall o^A JV iojjiiallj ajSlubttll -Uiitl j cAjjLLall ialiajl j 
-Ajjl jJI Alll*^ ^ oJj^. jJI ^£1 Jill j liK^'i.iiVI j .111 Jill j ^ jiJIj Ji«lll J jJa. Jl jlkl j 

References 

1. Population Reference Bureau. «Population Reference Bureau.» 2004. <www.prb.org>. 

:<JiL L. J*i1 (Ji) ^ (!) AJLJI liljS JaJ <> 1.2 

^uajit 4_iLojll oAall JAa. * 

.<jLa.VI Jit ?<1 j»l ASli-a j»l JiLo jialall Ja • 

.4jLa.yi Jlc ?ojjxI« ^1 ajSluia <L« jialall Ja • 

Jlc j 4iUall £^l jl (JJJ La Jjj^J jl /j Jcliii ( _ s ic (_£ 4 (jl JAa. • 

.^uvi 

.AjLa.VI Jlc ?A-o jJalall ■ ~ jl AjLoISj <jL al 3J ^>l "U-llx^i JLaxiuil i ■ La-J Ja • 

.4jLa.VI Jlc jlaiall ^ <Jaiij-<i ejUa all AjxL jjll Ajj-aUJI Ja • 
lilajjau AjSjS ( _ J ic AaIxj IjlAj coii.lj <a-iajua AjLs.1 jj-a ^Sl A^ij (jj^J (jl ISJcLuta) 

.^4^1 jjaloil 

(jl j t^jj=>.Vl 4jjj1I j l£jjj!I -^jjll L»* i—JSlI ^jii-Axi jl jilcl .(-Jail jjc (jaijj (I) 

S^jjVlj (^■^ U^>^' JaAl . Jfrlj\ (jLlJjaill j (_£jjjll (jU^jjill LaA <lo (jii.ji-all 
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CjI jjxjII (jU-aa-l ,j iaLl ■ ■ llSlI jjc. (jSJiall a.ill £ j jaj ^ 4-1C.JJ lllil 3 ^Ml 

,_pajj]l ajjj (j^i 4 alia * '"'I laaJ ^--^ Lj ^ijAj) (Jsl jl eAa.lj (J^iLa. (J' aaj ^^ill 

4_La p J* 1 - all j '(^ JJjll -^JJ^ J* "S^J (JiA»llj .L_iikll (j^i JjoliVI ■ ■ ulaJl jjc a.-\]l (jS^jj 

Vja^ Laa.j 4_ajj .J^jVl (jljJjSJI jA 

L-lLuiaJ Aj^Ln-a ,J L-JC-jj dulj . »Utf cJSlI UjSjj ^1 s jiB *1»J 

. ClllcLui jl (jjjli.} (_£ jUjiJ A-jlaj aA« (J«» «t ' ■ llflll JjoliVI ■ ^laJI 
'ajjjJjm ^^Vl ^ji Ai-axluittll bjjjauiIIj c^jja. (JclLa ^ AiAa. sljj ^tu) LSJrS ') 

,j *lj.ill jj£jj Ajljjjj .(Jtlijll (Jl aJ&\ A*J Ifrla ' " lLa Jji all ^jajj 4(Jcli-i]l (Jj. 

kia (Jolioll J j' ^ sLul s-lj^ll ■ ■ '«»'* 4jjl j-a <lblx^ ■ ■ .(Jtlilll a-iii £_« (JclLall 

Lstyj l>* s^jjVIj (jjjl^ill (Jajj j .Ijjj-ia (Jal diLj a, j-<luJI b£ll Jjaj (di) 

'(j*jll £-a JJ«JJ V -ij£jl 2JU. (jSl .Jl jaII Aialu AJIjV jljn'mLl Jxxj ^ill Juill 
.^J^ll I frla II » (_£J^i ( _ s j1I a jAjoill ya ZIAjla 2 il"i< j .*» ^ dulj .4j3 a jauJI a£ljJJ 

aJ ^ CjU jjVI (jjl jj Jc. *li;!>U 

jjc Na. + Aja. _ja]I ^ jjJ j' all diLjjjl lil^pj ilAj jjl dil_jja j dllajJaa ^^ic AjlaJI f.\ uir. 

- dlilj .Aa^.jjh j» jjj_jj^a dlli jjl cili^-b-aj V j ^IjJ V II jjl jjiajllsl .l^^jLk 

Ajla II s-Uic. Iaj^oJC. s-liul Aj^j^JI jijJJ j' all dlljjjl I j S aaj ( _ s j]I Aj^j-all 4 la oil] AljUt-a 

. I " ]| . J If. 

J-la-J (jl ^(^jlj^ jx^Axij djljjj^ll (jjAjjLa] (j^-°J 

^jLji^i i^_kllHj . jll ^j^i <lix-o fiAA ^a a ■ 11 S^^aJlall fi^lj^JI jI^Lg ^pjLjij 

t5^]j L>* ^SUall (JlSijl ^laj (Jj«JI 4 ^'S'. ^ (jlj-li. £a ejJjS *ljA S^?^. tJA CjIjjj^JI 
^ tlj^JI '^Jj^ ^J- 1 iSjIjaJl (J^l-^ i nil jiurt S-Liilj .ClljJjkJI (J^ULa 

(JjiLiLo (JjuSjj .^jlj s-l-o (_>ia_j^ (j" L ia oJj^j^i 4-yjljl JJC c-l _j^JI ^i^J a ja a II 

(j^a %j\ j^A\ L-iL aj£l (Jjx^i L-lLuiaJ (Ja»*inij a jl jail 4:a.jJ Ail jj 'ajlja. 4^.j^ 

^ L_lC.jp Ciilj .(j_a___ill a i -a (j_i 'a jja-Lall ejlj-JI (J-a-a (_Jjl_uJ jAj c'ajljail *Loll 
.CjljJjaJI j "1 jS - (j-a__a AjjJaLljll ^jLajlLl i-laLia t-1 lie. 1 ■ >*Ma'..< > Sfl J_x^i (J-Ui 
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^ jjLall i ■ llflll 4jlaC. s.Lul - ■ aa II J a.lll lilj^pj] (jjjj^llj ' ■ llSlI (j^i V-iJ <Ui (Jot'ihi* 
o^jjjj] 3JVI Jl - 1 aa jl ajlill *JI J^JJj .J**JI (jc Ifrda. 1 ■ lISIl <-_aS jll 

J«it'i n"l j a 1 "7- II Jl (j_aJ_£ll Aiui£l jLi (j-a Aj-ajlajj (jja 1 aaVl « 

(J£jjj Jc AiUa (Ja..Sj j .aJI £^a (Jclijj V ^ <UVI (j'j" 1 ?' (jjW^ ^j^ila. 

ejlja. <a.jJ .lie 4JVI '"'j';' cCjLiLaxJI ^Aal f.Liil j .4JVI Jl s? < j'' 1< J" lW- j ejlja. 

.<UVI J AjKII AiUall (_>aaj Ajjl j-o <Ltal*-a 4 jLlaj -*g * Cljl j .AjjIj (JjxjjoJ i—ijjiaj 
(jj jla a JJ Igj^ajjxij LlJJjaJ pl^aaJI a^ll Ll^La. J eLajl ^ ■ aj (JjclLa ~h.-ij (j^- 0 ^ (-^) 

JjLJI j .(hypotonic) jijjll (j^v^ ja.VI j hypertonic jijjll Jlc laAJiai 
jja-j .0.15M NaCl (isotonic) jsjill ^jLuia elj^aJI a J LpU. J JaJJ 

Jl LpJ"" L£}LaJI (j"° *L«JI ^^^t! 'JJJ^I JLc- (Jj^ a]| (J s-lj^iaJI a-JI LiLa. J J -^ a J 

J jK al l J l^jjL ^a j <jja.j . L$-»jLaaj | 
Ajla. 10^ LSjL-'y _Jj* ' a ' al 1 aj Lj 1 J jLaijl JJ ^3 La IjAj cAc^oU 

2Lkd J,^' V Ajl (jijial . 0.05 M NaCl *LJI Cy ^ j Jy 1 frl J- 4 ^ 
Alix-o AjL&j ^ djjl j .tXA ±Ajfi *.lj*aJI LiUJI J $j£13U 

?<LajIaia]l si* (J* • (j-O^ ^* f"^' LiLa. J s-Lall jl^La 

s jbl cM 3 Ssj 4( J£Ij]I ^ jja. j^Jjj ja (poly lactic acid) j^laJI jJll (>aaa. 0) 

jl VI .(jLouVI j»urt J Aja-lja. <iaUa. SjU AJLaxluil Jc UlLa Aj^jJxiVl el j^ll j eliiJI 
lilj .^uua 1 ■ ^j" liA j '(jJll ^j'— aa Jl (JjajJ ajoiaJI J jjKill <j| jA ^JjJt ia.1 
Ja all pH 4 'si j-aaJI (_Uilc. (jli cAjsL^ kc A laUaJI Aiiaia (j^i (jjBI ^j'— aa 

- 1 aa SI ^jLa. LjjI^^V <JjaJ - a ■ aij Clul j 4 jaja all <a_uijVl A_jil J] ^S^jJ ^3 j < J,'»',' ' " 
1 Lua j ^JaLiaJI <aJala (j^i jjjlll ^j'— aa ^j-a J^j La AJI jV j>j^-!l (JjLuJI (33Jj J^a AjJaj] 

(jjUl (_Haaa. liKij Jin-a jl (j^ajjal laSi SAal j pH 1 VI <J-a j-aaJI (J-aLc. Jjilj V 

AJluiVl (jc- 4-la.l .CIdIj (JjLuJ] Ja all (_^3Jj]| J^x-a (jl (jJajjal j tLljlj JAxiaJI 
. J^xiaJI (jJll (j'— aa j (jjlll ^j'— aa jll a (j^i (JaS lijl •Aa. jja^ll 
Jjiajlj .eLaJI (J-alaJ ^jjl >aJjJI (j-a oA)j3 Aaljj jA (hydrOgd) jLall a!iLjJI (j) 
(j-alajS teLaJI J (jn)nir j aJ ct-ila. jAj Vjl ja^^L^JI (jjjJ '(jjljjll ^liiiVI (_JjJa-a 

x* a Li 1 " ' Ma J j ieLall (jx a^l^JI ^^)aj tAcLui ^XJJ .(jajll Jc- ^-aJ*J L-aL^alal *La]l 
AJluiVl (jc 4-la.l ' I /'I j ajS !McLij (jjill eLaJI (J al ■ aJ al (jl AJaaiLaJ -Ajjj jLxJj 
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ajS J abulia dllna j3 < ^a.**. J t*J&\ju^i)}\ Ai^C. Jj JjjjaJ <jL-a-a olj-al Clljl ( 

(j^i UlLa. 1 & tdi^LaJI eljijl 1 ^* iaa Jill JjI jjoJI jj^ajjxj] (JjLoi 

liLlc 1 1 g » > >i j jSj ■ aJ 1 alia j . CllJllaJI «Ljjl Aj^aS (_gill (JjLuJI (jc. (j^ajjxjll LJla. 
(Jjla-o ll <jjl j-o -Ujla-a 2 - dljlj .Aj ilj J.l*_ajlj (JjLuJIj Ia^jjjj 

AjIjS/I 'Uxajil o.la]l (Ja.1 (j^i lijl ojj£.la]l 3JluiVl (jf~ ' ; laj .^Ajj^oll (JjLuJIj (_pajj«j]l 

.Jjik-VI Jj eXallj 
jaj (_gjLaij oXo ij-uS Jl A a i aa jja ^Jl i_jLaiij '^-JIj ;j "»■>■ ^^>fjj 1 ajja 

■ .J .'.'ill ajma J J_o^_oa1I ji-ill jl.}La -ll-l^j] ^j^aj AjtiSj j " dljlj .AjcLol ' luaj 

/JjVI jj^ J—lJ 

(Jlajjl Jxt-a _>J*^ Aijx^i J L_ic.jj dii! j .liLxu (jlajill s.t_sxi I jj3 jt Julia cS j^SIl 

.(j-ajll £a tSliJ J) (jLajflU (j* AiUall 
.jiAj^C. s-ljjl - ^ i jjjj , •— .11 Jc. SlijUII dllil . ii nil jijLuiLa j ^jjdliaJI .laJXJ 

jlj (jjlcl ailttll (jjiA ' . i$ »" ■ "I -Jjjj ^j'-*.'' 8 ' 1 * jj^j^ J UJ? ' "^^ cs^i '"'^ ' ^1^^ j 

s 

pliil flxJI jLoi <Liac AjjUajill CjLiSjaII ^ .lactate CjUjIj ujjj^I ijm^ 

. 100 m "daLoba jLboi 

(_pajjjj 4(_Jjl^)iJI (Jiill [_Jjlxa <e^l aja.1 -!<*- L-jUa jAj iAijiJI ^3 l_ Sjxj V (o^ 3 ) 
<a«Jl Lj!>l-iJI Xlij La^jc jJljja ' ( _ s i*-a s-La ( _ r lc. (fi j"'^; pic jj ^Xt-all (_ULaJI ( _ s it 

r-Xii liA j tl^jl kiLuil II (J Aja.jUJI 
Aj]| (j^i ^Lj^)^ jIjj (JSjji ^^it ojLujVI (Jij <a.Xajj -'^ a Cjjlj .^La^ll Jl ojUSVI J' aij 

.lilliaj ^\ y-a tj.'"*' ^j^l Ajiajll oAall s-ljjl ^LaJI 
t jlall Ajllt j j j ■ aJ '"'I jjfra^J (JLaaLL aU j . jjI£j]I 4juj*ji f^JJ^^ ^^-^ *— SJ*J 

J j^a. JJ*J (J^3 .jajjll j^j (Jxix ll laJj liljj L-lIJa J3j -j»Jjll (^a Lj!>LiJI JJXIj lilj^ aJ 

?^j_jll --^ a jl (J£jui A-ajiiia]l 

tiiUii-all Aijlk Jl (nerve growth factor) (NGF) <_L^»e.Vt >aj ci-lt (^-alu (ii) 

Ajjlic. tllljiibj t An tluii ^11 dllu j jJI ^j-a (neUrOtrOphill) A^ju^irll 
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.jjljS - Jiii^Vl jjij j^jII (cholinergic) 4jjJ_£]l g-L-ill ^Jaj ^ (trophic) 

(J-alc (jl ' * w ,' i_SJ^ "^J J-<J' 1 , tj^C- j±i aatil ^C-Luij l^jl l^jlajj 

_oyaj (Jxilt (jja i u aj 4 Laa * Aj^oLjia dlltjj^o ^j-" a dllj^u]_aJ a AjlaJI CA^UJI JaJ 
^2 i_lL a&V I j^ij (J^ilt 4j«jtiaJ La.jjAJ ^Jj5l .^La-JI jj-aj-ia LlaJ^)^. IgJt-Jajj < _ <1 . — f.Nfl 

.^laj 

.19.2 JLS1I 



350 g 



<jL^ Jj* 432 g f 1 *^ 
6 U 1000 g 



*U 1200 g 





*U50g 



c.1 > 565 g C0 2 
- *■ *U 400 g 



^ , «U200g 



*■ »U 1400 g 



jl JJ 5jl^a jl j^i 70 g 

■ *U 200 g 

.Ja^jjx ^xkjli .Aic. '"'^ i aallj I fr£^l glmlj ^ iL all ^Ij-allj flail : 19.2 JVtflll 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, ■ j i^al l 
Heat, and Mass Transport Processes. New York: Marcel Dekker, 1976. 

j»l jiLn 4-a jlilall JA .2-a jlaiall ^ AjKII AjLall jl j^ll Ajjfa. Aijl j-o <hlo« l ■ £&l (I) 
2 ;K\I AjL^all ^U^VI JJ-^L« i Im-J ?<Llc.liji ^al Ajlclij isjjxia ^af a jfiiiia tAili-a 
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lA~l\ir a al "Li. JILa "Lajlaiall (Ja .<La jlalaJl c-Lal] "Ljjlj^i <Ujl«_a l_Jj£l (l_j) 

A^.jliJI j 4-a jlilall Jl AikUl s-Lajl £jja ?<Lllc.lijY j»l 2_ilc.lij tejjila al o jiku-a 

luia II tLajl ii.1 (j^-aJ (J* •'SOf?-^ Ajjl_j<a]l <U.ll«_a J Igja 'i^ljILall j Ifria 

(jx al JC. 1200 (Jist-aJ ^JJjll JJC. UaJ-o Vjla-a ^ i fr'un . nl l J <jjajjx ^ Itm 3.2 
(j-a sjiaja £^Jj .(_£^iJ JJC *La ^ Kt' 'Ll-ajJ 

j! (_pajjal .aljC. 1600 (^jL^J (J_?JI <^ cs-« J^' ^JJ^- (J Ltt£ "^J •^- i ^- <1 ^ 

V 4j| (jjij J3j .((j-a^ J-i*"" ^6 *"? S-Lall A ^ (jl (_pajjal liilli ( _jic 

Aju^uj Aj^jl^a 

ca jjiia al ajSluia j c4lli_a al A^JjLa Am jJalall (jj AlAajj lillij (Jj aaj La 4ij«_a 

"^V "J* j^j*-^ iSji^- <J^ J Jj^- J- -"^J I^La .AjlcliiiV al <jlc .1 «'j 

A i jaj^aJI ajaiai *LaJI Ajjljxi ' a _jl 4-a£iLa]l J j ^ II £-a 4jjl _o^]l <]jL«_a ' ■ u£l tl JJ^.1 

Allljjjj (Uljc. 75) i.ijU j (^'jfr 200) jli_ojj ^ oj^' jjiaill j»Uia ja. Jjlij 4.2 
100) jjill t> ^ 4j > 100) s^lj A^lii *l^iSI Jjlij .(Ll > 225) 

jj^ji. .■«. \ pLixll t5 Ic J jljj j .(Lai jC. 40) ^ lla j (Lai JC. 90) Ij^lLa Jjji^- *^^J (f'j^ - 

50) j^l j- o^j (Ll > 150) LLU^j (Ll jfc 150) oj^aj (Li > 350) 

(jjAJllI j CjLijjj_)JI (j-a 4 alia all A jaVl CllLjjj^a 5.2 Jj la II (JJJJJ .(LaljC. 
ojLiij ji.T g- 11 ^^ S-L^-' 1 jl cl" 1 ^] <J ' "I Al\ LiJI j dll jA)A JJJ^il J 

.obL^ll ^Ij^V 

70 (_J jUjjJ s-Lall 4 lull j lAlA\ 30 l5jL"1J j»l*ia]l 4jL-a]l SjLaJI 4 jm'i (jl (j^al jpaLl (I) 
?Aa.lj -1 » Ull /j-v. '-■ f.La j <jLua SjLa (j^i _a2k oiiLj La J^La jA La3 c<1a]I ^3 

^(2.2 AJLoLaJI) Ijjj jlall /j ^ ■ *M <1 jLijj LaJ AjjlLa 4 ajjll oiA jAij ' 
al x L (JS ^ AaUIaII CllljAiA _aJJ^ll j (jjA Jlj (jJJ j^)JI (j-a AjKII CjLal jxll L-Luia.1 (<_i) 
. JjSjll aJa C5 it sLu JS jja AilUI <aUall i_maj (dj) 

cOljjjAjjjill 4cal/g i^VL^ aUiJI ^ Sjajlall Ajjj=JI AaLkll (tli) 
Jl j jijjjJl J^lall JLaxl^Li .jjjjjJ] 4cal/gj iJjajII 9cal/gj 

(jAJI j (jjjj^JI jj<a a j3 j!Lall <al Sail L-lmaJ iji -I » L j^JI CllljAiA JJJ^ll J 
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. ^jall oiik £-a j^. 4_Jc 



kcal/lOOg JjM jlJi. 




XiA 






64 


14.9 


0.4 


0.3 




26 


3.9 


0.2 


2.2 




599 


1.0 


55.0 


25.0 




268 


49.8 


3.6 


9.0 




393 


1.7 


32.3 


23.9 




69 


4.9 


3.9 


3.5 




396 


68.2 


7.4 


14.2 




50 


11.2 


0.2 


0.9 


JISjjj 


340 


1.0 


31.0 


15.2 




85 


19.1 


0.1 


2.0 


LLLLj 



Guyton AC and Hall JE, Textbook of Medical Physiology. Philadelphia: :<> ^UaiU cjLLJI * 

Saunders, 2000. 

(jjjjill ^& LiUJI liliil AjjUaAll sLull CiliJj -csjjs. J&lia dLuij LpLk ts !»2 5.2 

• CH a NpO g — J LiLkJI ^JLalj La LSlc. j -j^a .n'sVl j (jji.jjiljll j jja. jj-ll$Jlj 



JJ£ Lj^UJI 4iS Xajj 25g/L L£UJ J«£ jj ijji^ill ^jj .100g/L 
tf iH (NH 4 ) 2 S0 4 —SI JiL. ^ .lOOOL^jL^ tf jS JcliJ! >, 

I (jja. j JJjjll (j-a Ljj <lall J 12 (J>a (jj^JJ L^-=JI (jl (_paljialj (JtlLaJI J 

.(NH 4 ) 2 S0 4 — SI jA Aja-jll (jj^jJinSl jJu^a (jlj 

JclLoS! ^ S jSLoLall aJUSI J L£UJI Jy£ jj QjSj ( j^l^aJI JjiJul! *Lu1 
J (>jial . 1000 L ^jLoy ^jll <>UJ ^ Jal£ L£UJ *li£ XaSj « 20 g/L 
(JclLJI (j^ V^^S' <_?Se *Sj~" ^jiila]l jLj (jl j t (JcLs-oJI (J^- 2 ^ V Lj^iLiJI 

Jj -dUJ ^ tf iS (NH 4 ) 2 S0 4 -II <i£ jitf <>" .20L/day 
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(jlj t fjJL*. j jllill (j-o Lljj Alall J 12 (j-a (jj^JJ L£/LiJI (jl (_paljjaLj (JclLaJI 

.(NH 4 ) 2 S0 4 —SI ja Ap-jll jj^jjlijll 

J LjLaC. ijj^jjjjjll Ajjoij jjjj jxlubttll (Jjijuiillj '"'I .'7* jSt AijlaJ (JjxjoijII *Lul (<^-l) 

(jl L_iajjLa (l_l| dlUl uiaJI JC.I .(Jclij]l l -Luij Jja j (_£jjjj_ia Lot <la]l J 20 

. cjclLail JJ (Ji..la]l (jj^jjjjjll Aj-a£ J 4la]l J 20 UjljLa ojbj 

(j^i JjVI <_£ jn«rfill L_ijxjj .(jijxj ^iliallj j *n . .i a jIaJ Jl (jLuiJ^I ^.ii-n ^LiaJ 6.2 

aIxuajVI Jt ialLJIj a ■ II J 4jjLvaj£ d!>lc.lij J jj -■-»■ *il (C JJJ' ^ <5Uall 

(Jj»-aJ (_£ji.VI pl ■ «3&Vl J (jjllKllj ' ■ JSIIj 4jj£j^JI AjJj^axJI 4-ajliial] Ajjml mVI 

j a ^ ,'MI LjJ> lil -d VI .(basal metabolic rate BMR) ^L*Vl 

^.4. i aj i aJ t LJajm jj .AjiLjal AiUa jj3 jj l ■ la,j i^^jaLall j (J£VI (Jj-a (JLaC-l 

(j^ ^jJI 4iU=JI t-ijj.^i^ uj^j • 2750 kcal/day ajjUJI aa« jJI 4 kjjjjVLt * jL 
<( 220 kcal) a^J^j 'v^Vl m^VI Jj«J ^>>UI AiLyi 

Al^Vlj t (190 kcal ) f-aJI Sjj^ A^JJ Jt JaliaJI cfea j> AjSjaJI JJC Aia^Vlj 

.(690kcal) J ^1 jfcVl oli^j^ll 

AlaJI J 5 i J Ng*i»ni Q>iajj\\ J\ (j^aljiaL) (I) 
.Ai.1 jll (jjiiill J ojjla AjLa.YI iatl .AiJjll ^.^j J jjjiiili] j —4, 3_a_pUI 

. 7000 kcal ^ g-« jJI AiLkll i_i ^ jj jl ai^JI (j _j 3 Ijj]I jjj^iil (jl*j (<_j) 

A-aj!>UI AiLkll Jl Aja-UJI Jjjj (j! (jiAl AjjJaLljll (jJjLojJI (jl lilli J] 
fUul AjjLljjill Min.VlVI Jt <hjj*^*\\ AaUall l .U»jJa 20 '■>; (juiiiil 

.A^.1 jll (jjiiill J jaJLl ojila AjLs.YI iatl . (jj J-iill 

0.24 |ig jjaj J olxy At jj>JI jl Wij^j uiH -^1 .Ji -1.2 aJLlJI Jl ^?-jl 7.2 

1 . ...Nfl CllAaC ' ■ 4A« 0. 1 1 (J,g J J JJ C^LoJI J j .LfojJ L-lL acVl j-aj (Jalt (j-a 

.o^Aa-a JJC. dUajl JJ 1 .1.11111 0.023 (J,g J 
?L^ii^ (j£aj (Jill JjJjJI ^Jk La I— iL a&Vl j-aj (J-aLxJ <LUi 4jjl 3JjL«-a t_u£l (I) 
Jl 0 jjSjJ (Jj-aJ (jl J] l—lL^aC-VI J-aj (J-alxJ (JUliil (_gl dlLi jjj aatll (_JJJJ V 
ej-all La ?^Laj]l J l_jLwacVl >aj (J^L^ JjUoa jA La .2.0ng/mL 

(^jlouJI Jl (1400 cm 3 LSjLoLl (_£j]1) ^-LaJI Jal£ ^ 5-aj!lll 

.(J^-a CjIc. Jjj^ll A^liuij jJl jljlall jl j Jlj-a £ j-ail (jj (j^ajaal ? ( _ s jvMj«JI 
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^ ml ..iVl ^^-aLaVI ^La-lll ^ A-lll] j£]l dlLi jy di Lille. j-ajlA^' Ij^j^ CiJ^iJ 

Lai i^lklall lilij Olc. lit .(400 Cm 3 Lujsj ^ - cSjL^j L?^) 

V 5.0 ng/mL J] JyS jsi! jJ A^j^UI saJI 

JI*4j VUVI 4*^1" ajj^ jJ 8.2 

, J L£L, *LJ ^ ^ 

' « i aij jji iilj a i . ijlU^llj .4 It l7i!I fl ajajl -jJ^ ^>Jalj j^j lS^" J ' . 'f J J '^J-^' 

jlijll £ji jj .A^i jJaiall diLWui jA UjIj Aij^a jj ^ji «.LoJl ^lijjl ^ JJ*jil Lva£ 

^IjaAuiLl a5 -(j-ajll £-a *LaJI ^lijjl JJXJ ^aj<' ^ ( Um ^Lall ^lijjl ^ Jj^aLaJ ^Ljjll 
a„}c. ( _ S ^C' 1 ' (j^J '** "j^-*'"^ CllUaj "j * j s-Lall ^lijjl JJ*J (JJJ AiiJaljj <3^/Lc 

laflS LiLS IL^a j ojAUall i_Ll^> j ^jjc- jl ■ aSSVI 
CllUajoi j^J IxjLj Aii-a «Lajl 4 t 3j j.1uj <_£ill jl.}La]lj Lva£ J^JJJ 1 ji'i.Vift *^„'^"' (I) 
1.0 L5jLuy «.LaJI ^lijjl (jl ^jia-aJ cjlxjl (jjJ s-Lall ^lijjl kcj .AjjyuLyuSH A-ojlalaJI 

:< ^L L ^ui jij=, .Ujii ji£ i a o.Oj ^uiu Lis *uyi 5*u la 

<Loll dsli AjjLijjill (jjjl jill j [£jLvajl ^xaaJ lijjxj • 

.stall ^UjjI jl^La .HaJi j^jII AjjjLjiVI jlilall dlUajoi j^l lijjxj • 

Ua » La LajjSj iilijLa.1 QAiJa .s.La]l ^laijV Ai^a-aJI Ajjiij_)1I t ■ ll li a ij I C'iuAjL) A^ijli • 
^ji Ujjiai (^jll A-ajJala]l Uj,,.i' ^^Jc. c*JjLjLa.l tiljcLuij .CjLu^ajill (j« JS1 

S^ajlilajl CjUiui j-aJ s-Lall ^lijjl jl^La lia£ iaJJJ (Li.ij-aj jl^ A^jjJaLjJ n • 

^UjjVI JJ*J (JJJ ^aJJJ cJaVl ( _ s it ii.lj (^Lu laa j LuLu ^ jj^jll ' L^a .^LlujLoiVI 

i a^aJalAll djl )aj uj a ^j-a ^^1 jl .1^1 j iaxw^aj 
j-aj (JLaSluiV IgJ dLai ^^jll CjUaJjoiiill j CjL <il jj3^ I ^aa j oJ^jjj • 
_aAill liS jLi ^1 lAja. <jjjl ?4J jit-a gjLu j-aj ^giacl (J* .<^i J-aj ^3 lajSJij • 

^ ^ \ l l " ]1 l ^ . 13 Ait 

.Ajjjoi^j] 1 i'I (j£-aj ^^1 dl jJaaJl j lila Nj^'i dlLjJ jAa_aJ 4joiaLi-a • 
g^jll l^ij tiljjl a.1 (jAiJa .4^. jjLall AJUji-all ajlA "J^J" UjjxjjI ^^jll sjjjjitJI (J^aJ (<_l) 
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c<ULoba]l (JaJ iila » j ,j o^jaj^JI ' «» i all JalSj j cllLp j ^ all l-lia^a cAjxjjI ^ill 

La .Ail ubttll ei* JaJ Ig-ill i'i-v*-*.! jl LpLutluil ^jjll Aji-aiJJI iillaj*-aJ Ijaj j 
,-jll [^jLvall La ?aJ1 mall (Ja. ,Jc. lilliC-Lii j Igijxj '"'"'^ (gjll (jjllaJlj (_£jLba]l 

lililc Jl jLa ^j]| ^jLvJI La ?AJLu-a]l Ja. Ljj Lu^j J LjSjxj jt cdllc jl£ 

. iila> j j-aj (jjjaiaj (j^i I j-a dliK I jj I g alaJJ (jl 



162 




Jj^ktt 1.3 

' ILuki JaliaJ , 

C(jJ_Xi.VI (J^ 1 . ^ ' "*> (ji^ ^LoUa 1'ajiU* lal °^ j^l ClV^la-a QJ.'^"*' U^°j f^ 1 - ' (J^*-j • 

.^xha i_jAjJ\ jljikl 4 jij^J L_lLu^Jl jjjiLuil ^gjx <c ^JJJ • 

.dllii. j]l oJJ&La ^laj £-a (.Lilajll (j^a 4j^pJI tj,'^* ^^J^ 3 ~(S* * 

. ,vj» *i jl J aj£ (Jclij • 

■ ^ '-s n\\ (JcliLaJI (_j ji-aj ( _ s -i*-aj cjclillll (Jj--"'^ j (Jclijll (J^x^i (JgJjlaJj i_i]_)XJ • 

.Ajlcliill .IViU 2 VXI1 Ul "il j OV^U-a (J^j £-^J • 

.ojjxaxJI - IViti aJj£1I lal °^ jl j j-a OV^lx-a Ja. j ^.^ij • 



Aayutft <Lu*IiA 1.1.3 

jl 4*jtla '^jji^ II i , a 1 1» II j JjUaj ( _ ? ic. 4 jj£31 lal a^ jl j Aijljxi Aju* (J «!■»' i n"l 

lal °^ j*^l j Sjjl j-aJI CjVjl*-a j a 4jj£]l j-a Ajla (jj^J 'La o^La jl L_l£j-a 3 Sj£ j^i 

- i II IgjfLal (j-aj cAjjJ^ 4 Jjl J aj£j 4 Jjl J aj£ ClL/lclij (j a i iaS ^^jll jiajll 1^ AxjLi 
(j^i ^ jUa JJJ^ J^C. ^ lalia jl tjjjlaJ (j^ajxiui (J - eaall li* AjjjaJl Cll!ilc.lLa]l j 

.AjjlaJl jllj AHaVl 
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ji'h'i j -I la» II ( _ 5 Jc. j»LajAVI JJ^JJ '^7- '"'V^ 4 1 1) lift ^^Jc. A-o-lLall eik ^ * j' '— il *^*'"' J 
4 AaJ (J^l (j-o j^)£ia j^j ialiijVI [£jlfa Aj3 jj' Ixlajla j lc_jjia a i aj pH 4 i aAlA 

Ajjl j-a 1 linU'l SJ^V <_s-^' J - aiall (_pa_)*JI (j-o (j^ajiJIj . JjLuiall (Ja. j -kill 

.AM JiUajlj 

(National ^jlall (AjSjAaVl) Ajxjall ^n; II Lliilcl cJjjJiaJI jjall Cjljiulaj ja.1 J 

: I jiia j I -ij-ia. LuL !)Ua. Li^j a J J Science Foundation - NSF) 

ja^3 (jjaaj (Ja.1 QA aLlaJI ^jkj ^ ' " ^ II (jjjl^jiaj [^jLla (jjfiaJ ( _ J A 4 7* i ajVl AjjjJUA (jl 
(Jj|jJ jj_jlajj i aj^all j Ajatj^m tllLyJoll 4 7- ■ aj| ^ AjaUJa j]l — AjjjiJI (JjlS^lxll (_JjA ja. 

l .i'i N^I i^U"i t flj| (j 1 ■ ii-^"^ A' \ \ , ^\ ^ ~ \ t> ^\\ A j j 1^ 

I jjilS £jj jj 4i_jjjxj]l liA (Jj3 ^^^uoij JJC. _jaj < _ s k l-^ja. A 7 ' "jVI 4 in.Vift (Jia. (jlS Jfil 
cAjj^ll dlL ^ 3 1 iijVI 2 , a i'^ \ £jj| j]| j £j-a.Ull JLaxiajVI (j^J -a JJa.VI J jSxll ^ 

dlljl £ al (jjl«jl ( ft ■ a&Vlj L_lL^aC.VI lllVI liL-at ^'-v j tAj3 jj. ^-ill j AAxJaxJI CllYI-ifiuiVI j 

.^L jjll ijU JiLaJI Ii& ^ji a-llla. dlljlsj j 

^ji l$J aatlmV J all ^ jjj^aj Ajc.li_a AjjJa. ^Ij^i (JLaxiuil ^^Ic. Aa mjVl "LuiAiA <_£ jjajj 
jl Aa. jaojuill jl jaJI jl • . UaJ AjitLall jl jSLall (jl LujVI A 7- 1 aj1 (Jl-liiuilj aJ ajp 

lj uj t<jjaull j 4 11KII dlL gaj {ja (jjUtJ ^jojjlall l^JL^o ' ■ lUaiLj .4 \l CjlijAuill 

'(molecular biology) ajjj^JI cjUjjaJI j c(cell biology) ajjj^J LpUJI ^L. 

(L_l^uiL^JI aAcLobaJ a-j^aj ajllj tAjjjaJI jl 4, . .1 j . ^jj^JI AauaijVlj LiUJI i^jiKjaj 

» ■ <aJ < '"'1 1 at 1 aJa.VI AA«Aa jALo (JaC. (J^J^ LJlt ^^lill (_3;UJaj]| ' . lUaJJj . Ajj^jj j^jll Aj^Ai^Jlj 
(j* jaA jjC-j Ajjja dil&lia ^ j Ajjj^JI Cllllj^^]' ^ "J Lij/'^J "J^J (jJJjja (jjjm ^ a 

. (jjj^u^all 

i_ijjLiaxJI j lla j| Ifriaj cLjj^itj Aj^jjoJI 4 a 1 "''VI ^l_>jl (J^ AjaYi 4 1 ajj/l j" ^ a (Jj^ 
Aj£1I 4 1 aj j 4_ulc _jll 4j dlLa Laj al l j Ajj^JI 4jc 

(cill mjVl J jl ^ <-■! i, ^.11 ^la II (jlSj Aai ,.1 jj<iiti jj^Jlj i_lL a&Vl j AjI _jJI Clljliiall j 
.(jal^VI (_gj^Liill (j^a^a CjLi.^iijj jj^)iJlj QjA • a all (JxxHjolIj IjjL^j ^^HJ 

(jV AAaA^/l tJA ajJJ^ A^.jA ^^it 4 1 ajVl A^ji^jA jJJ^jia (j-o AaJlia]! i_jjjL-iaiJI ' " la J ■ al j 
l^UaxJI J_jjo£ (JjI^JI JA*JI A3j . JJ^a. (j-o Jjjj jl ^i'n V Ajjllall (jjillJI i_jjjlj_ac. 
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A Ui» \\ AaL (jjjaiajj Aa mjVl 4_ui.jjA (JLaajjaiLi ^LaJ&VI (j<a jffi <_^) ^ laatJI JjiijJ ^ J.! ' " J 
liljj JlAiLoil Aji-aC. Jl Ljij a,V\*i,n\l I— iLV jll J J <*!■*» i* 200 000 ^j-aajj 

j jiSj La i iiLiij£ijai^]l (Ji.jyj .'^ A£jaJI S^Utluitj jJVI < Laajl ajc.Lu-3 ^Ijj JLaxl^Li 

jl ^ja ■ a JJC- LaUjll ^aJjL jji a£ll lillj (j-a j/'^J fl J,'^*^ ^ Lj'un (j^ajj-a 800 000 

tAxjLjill Lillet (j-^J u alaaJI Lull (3-° AjllaSj Jl ^Uaj lilj i^tj JJC- 

-j^ i u JJC. g-jini (Jl^iluiV (j^aJ^aJI (j-a 4 ajlui AaJaja (j^i g-jin'i (JLaxiajlJ Jil-JI *,'» SslaH (JLaaLL nl 
Aa uiil (Jl-liiuiV tLillc. ' " 'J a tp_ajaiLa Aa mj| (JLaxiajl) ^^i-^jiill ^aJxJadll jl t^AjL-a^ Afljai-a J 
. (jiljJI j ^''1 »' all (Jaxi Ajj-lx-a Cjltjj^aJ AjjjSjj jl jl t ^AjLua^ AaJaxa A ajlui jJt 
J j-ax]| a^Ll (jjlxJJ Lfrinaj iAj-alaC. La jxJa Llj'u.i (j^aJj-a 500 000 (j-a Jj£l JaxJj 

(Jlxil J j^j £-a I j-alallj (jl AjC-^jjj jl AjjI j -j» laJ CjULaC. ^a^J ^Jjaj ^ i^-i^all Jc. 

jLjjj La LJltj I ija IjJJJJ lij-a -» lall (jfLi ^1 Ijll (jljSSJ (jjJ«"i'»J La Lllc- j tAjjlui AjC-U-a 

lilij (jl il t(j-a_^ll (j-a oJLa A*J jjAJfij jl Ljjij S.lla. _J Jill AjJaiilaJI j Ajj^x-all Cjlc j _j j-all 
A-aj^j.ll AjxAVI SAjAaS a _j<nm«ll AjjjJI ~\ Saa II ^^joiljj (jjj£j sjjjjijai al£la_a ^JJa±uij V jl j-all 
AlLal (jl (j*s ajj tAa uliVI AajiAjA Lai .^Lr^VI ^^la all - lajt SI j p^Jjj-aJI - Saa II (jjj (Jtlaill 

(j'— «J lillij Aiaa a < - ia« jl A SjS (Jl^jluil (Ja.1 (j^i AjjjaJI jl j^ll i ■ \f^j"? Lljlllllajll oiA ^ oJjAa. 

.p^jjll j lajH < Ajjjlall i— il IjSatjll 

o^lc-lj Aa uijVl ^jiLtJ s-Liil ^Jtjjja J^i uij - ■ aa II Lj i aJ aj ( _ s j]I A«a* ^ti Cjl^aJ _aJI ji'it'i j 
(j ajl i ^■■^ - j a ■ aJ (j^i (jAuj^j^-all (j^-aJ Clllj-ajl_aJI «.Lij Cjl (j-a ^jjI_j]I ' 8J iaJI (jV S^tlj L^jLu 
(jt (j^ajjxjl] Axiakll a^a ■ aJ cAjI^JI ^ .liKillll (J^a ^l AiL-al (A \n « Aj£jjl£xaj A Jjl j ajS 
.liif. j t hi i_Jj£jj (^J2J 'P_Jj3^^ ^>*^_>^' lil^aj ^-aj t(J-aaJI 2_aM all - laa 11 sj^La 

.Ajjijj (J^alL 

(j^i) VITOSS C^-a A-LaiaC dlL aJjau isJjJa. <Jjl jLa. jl ila,l J jj^a.1 ill jl j ^"l i nl ^-a 

Lj-^Lajj Lj^a. .iKiii A^ial Jlla jA VITOSS jl .(Orthovita, Malvern, PA a^j^I 

.Ajj-aJllI AjCjV! (jJjSjj I - laa 11 (J£joij Aaij jjjxjj " aj.^ll . laa II ^-a (_Lwa_all (J^ i aJ j - ■ "-^ II 
liliuy - ■ aa II Jl A ■ alall Lj-Lo Cliltj ^jjll AajJlx-all jlj-all t ■ lA jj < <j »jtUti jJaaJI All jj s-Slcl A«Jj 
(j^i Aj_jjlj dll aJ-uia (j-a LjLaC. (jj£jjj cLjja. iiKill (_jill ^ajl_oJI t*l_aLji VITOSS II 
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(jLaUJ^)]l (jlj j^^ll LaAj cCjLLoi jillj 

^a u£ Ajjjja. jl Ajjla. CjIjLoiI dsli Ajj-aJ _jj Jj ^Laj aJJ liliiS Q_o!ia.Llil ^ jijj 
AjLia j (JJjSj o^lc-V Aja. LiMaj ^ -'J tSlStoll (_£ jja ^^aJ _aJ (J's ta\ cJHaII (JoJjoi Jc. J laatll 
i J"i <"\\\ ojlSy ^"-^ - ■ aa II ^jLi- Ajajj (J-0I J 6- (j"'^ J-aJ J- 4 *^ ^ "W 3 M J^-J^ ^ "'^ 
j| ^j^alall 1 4<aTi 4 ^ ^jja. j 4 ■ al*3l jjc UMaJI s-Lul jlxjVI gj" 1 * 1 UJ^J 3 

C5^]j (j"" J°""' ^oJJC- J AjjIjiJI jIjaII Alela. '^Jjj-«JI g-jn'ill Ajj».JI AjC. jVI Jl«J j < (J aJ aJ 
jjj Ajljjll llpa. Jaiall gJ-ull -^JC. jVl (JJjSj 

.^li^Vl g^oulj (jlS Ajoij jll j <_£ JjjjII 

Ail jnja ■ a .LaLaJ g i aju ^1 Ailiill ojlA dllit S (jli tAa mjVl 4 m Vift J - ifojl j^J 
dill jLa clllfcl ja.VI o^A (jl V) c^^)^! ^jjiajl Ajjj£jj Ajjja. ^1 j-a JLaaiuil jljSI (J ja. 

(Jl <it"u ill (_£j.la. s^Lijj tAjllaJI Cjljliill Ajli£ ^^c. ^1 ■ aj| SjLsj ^;^-H jliia.VI Alaj^i J 

Aa mjVl -,'"jT^ A jiUll CliljUaJI ,lg_iLa j <u . n j tAjjlia]l A^ mjVl (JI^jjjojV A_uj£jj]I Ajjja II jIjaII 
CliUSxll jjlaj ^5^- *Lalx]lj (jj L " ^'x a3l SjJlLa ^^ic a^ajxail Ajliill o^A ^^aj -^"^Sj •^j^j^Lj 
^Jt f j i iall AjjVI <aj!)UI iaJ i .^^jj^jjII g-jin'ill (j-o (Jjl^JI -j a i aj - j ^ a 1 jp (^j]! Ajjiill 

: 4j-aIimJI ^ a i aJ I jj >iv 1 jl i 4 » i aj 
^jjj (jLa tAjj^LuVl j»lk*JI (jJj^j j.^il J. aLa ^gi Jl Aa.La. 4-aJ :A5jJt« Sjcli • 

.jAill (J-al j£ j UMaJI 

(jjaaj] :JjJjJI (Jaxil ^fl Ajj^jJI Ajc-j^I ^jSj • 

,4jL^aVl Aajoij^l (J 3 -^ 1 g jl uia ^aJlll UijJ Ajjja II 'i^Lall i ■ 1C. j"i i aJ (jl ' ■ laj 
J J ja. j (j-ajjaj (^aJI . aa II ^jl^ (JiJJ (^1 AajaijVl <jl j»cja » ^ I^^nilSfl * 
j <JI Jt Jl jLa <i1 Vj '<uJI Jc. JaUaJl 3-a_pUI Aaaaj^all AjjjaJI AjjUaJ^I 

g ja ■ all <a. jll Jc AauLiijVl (J^xl 

.Ajuij Ai^aJI jJixJI (j*j£j J!i«-aj ojLall lilSju (j! L-iaJ :dSii3l Jj«-9 • 
^jJlJilall (jjSjll (Jj^juul A^LaLji-a Aj-aJa*]l ojLall (jjS (jl ■ ; la-1 : AjSjjlSjLtil (J^ljaJI • 

.Ajli-aVl 3 , ajfyl Jc. LjJjJ (j;^ 1 * tjjil J*il J" - *-*^ (<^j jJSJ AjjSj i 2 . 1 
(Jx3 o^j (_gl jjS VI t . lajj C(_paJj-a]l AjjjaJI jlj-a]l C5 j^l>1j ^ ji ts'-'Jr* t , 1~>J • 

.Ajj_)ill ^Luia-VI olaj Ajtlla 
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0 3a CllaJI laJj gdlau jjlxll eLijl ^"i *i ll]L-aj aaoll S.HxAa (JxC. (JjS A_«J 

'iJjjill (JJLajll (j-o JJJ^ ' ■ ul a Jjj .4_Lojjl£VI Clllljfrll j Aaxi j*^ 11 1 111 J.'"'*' is^J Acli^all 
2 a Laj jaA^tLujjl 4 jj£ll Ajjl^a ^jjjjja II (j j i a all (J <it*u in cAjj^uiLaJI dlljjVlj 

CJ^Ajla J! aatAuil Ajjj£ (Jj-aill IjiA (j-o j^L) L« ^ (jlajT'iiii'ini <a ujVI 4 i n lift (jxi Ailja all 

A^iiA J j£i .21.3 j 19.3 j 6.3 AlLoVl ^ -.h»ll ^jxL ^j&l JiliaJl j <j jlj* 

Ajjl j^i tliV^lst-o 1#j3 (J^ajjaii ( _ j j]I Sjjl&II ajAall i li^l 7- all {ja l.ia.lj VI '"'"'^ *ia ujVl 

.Ai^a II dlli J jSaJI j AJjJaJI Ajoj.%11 <Jj£JI Jiliajl j 



Cllljj£-a]l oJ^tLa Ja, iiili£ jjjial jluij .aJj£1I dlljl J^J A^ajliiall ' °J jl »*' 

dllj Ajjl j^ll Alllxx (JJJJaJ Aijjla " A f'^ j clxMc-lij (j a ■ ^- J '"' ( _ ? jll aiajll j ctlll.li.jll j 

.SjjxIaII aJajll JaJ CllVjl*-a!l (Jl 1 nl Ajjj£ Q;.'*' 1 " 'Ij^l aJa^II 

AiUJIj (5 (J— ill) ajSUj^I AiUJI Aijl^ Jj AiL^I t (6 (1— ill) ^jllj (4 ill) 

.(6 ti—»ll) 2 A-- K r" 

^UA! ^LLJI 2.3 

gJk (m[M] ) 5jj£i| J ." JjJIj AJjSlI " (JJJjyuLyuVl jjJjilJ 4luJ _JJ ejLJI JjL» (jt JJ»J 

^ jl^La t_L^jj aajAJ Sja.j ja (h[n]) J>»ll j .^HiSlI <Ja»JI ujj ^ c> J- 2 ^ 1 

^Ic .1^.1 _jll (J j^ill j'^JJ <SjL»1I lillj CjUj^i. (j^i JjJ^ J^l Jl^C. ^^ic. (C jjaj ojLa 

iillil ^jill (jjjll ^jLoij j^j aJj£ jj ja j < j.^-ti tSlli ^ Sjj 6.02xl0 23 

cjja^Vl (J>« ^ 0 2 u^-^ ^L^j^- 6.02xl0 23 .(atomic mass unit - amu) 

(§) J*^' AxjLill Ai£ll Cj|ia.jj .32.0g c? jIj-u lit^aa. CjUjjaJI lilt aJj£ j 

g - mol ^ J»ll J j-all (^A AxjLill J jJI Cjl^a. jj . lb m Aj1j£1| SjjjIII j (kg) fl JC. jLSII j 

. lb m - mol l5jjjJ1I J j-«1I j (mol aAc i_uSj j) 

n A AjV JJCj lfl A (jj^all tSlli aJj£ Jjjj A jjLal M A ^ja-ll jjjll OH AiUI j 
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n A =^- (1-2.3) 
M A 

. lb m /lb m - mol j g/mol ^ 4l^.jj i[MN 4 ] ja ^jai jjjll 

. jj^alixi] Ajjjj^l' (j' jj^' CS^" 1 L3^"N) lSJJ-^ (Jj-^?-^ (_S J-^JJ 

t!ill<i t^jjil .(>ij>ll c> Sa * J^"' (flow rate) (JsjjI! Jj*-» >. 'i-^jj 

j-all oV^la-a jj .AcLui (JS ajILlLq __>j*j Jill sjLJI (j-o 25 L t_g j?- »31 (j^ 

Jja-aj t t ^aa^aJl (JjSJall J^x-aj ' J"'^ (jSJdll J^n-o ijjalill Jjx* (j* £-1 jj| laUa^VI j 

aLU-Jj t.w^jj <3jS1I Ja*-* jA (m[Mr']) ^jJjSII JjaJjJI <JJjl«j 

m=Avp (2-2.3) 



<ULa. ^ j .Ac^>jJI oL^jl AJ-l^J (j^i (JJjla An jIaLo jA to (jl 'jiijj 

A=-D 2 =7ir 2 (3-2.3) 
4 

.o^)Ja5 i /- j ^ j-^. jA Z) (jl '^'J"- 

csaUI (j^ ^a. <J jjSljj ^ill Ja*-<JI jA [L 3 tf']) ^fl^l (JflJjll JJ«-«J 

: ALU-all: 

y=Av=— (4-2.3) 
P 

Ail^It ljIua 1.3 Jli»ll 

L_l J (Ji a»* idU j» jJa^)i. J lS^^J (JjL^ \; laal <ijjJa ^Jjil :4JLuls 

:4-2.3 AblxJI i_iu Ji SicL JjLJ aja^ <j£aj : JaJ 
m 

p = 7 
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(jSJjll (J-lx-a ma (j^-aJ A^lj JjJ) (JjLuJI 1 jm La a ^j-a^j] <Laj!Mll o.la]l Ij l^jj 

Jjx-a ■V,^ i ^ . (jl^j-ail (JLa,*, LujIj 4jjxJI JX-j ^ i /j£-ajj . oXq ^^31 ^ a ■ -' a j ^ a H 

jUjV (g^?^l J ts^' V"^*-a (J^uilaiJ jjj frLaa^l oXa Jc. <]j£]l 4-aj^L J"'*^ 1 (ja.ii]l 

(JLaaliuAj i^u^jI! ela (JLaxlml (jjj (j^i I i jajl Sal 'XII t_J uia (j^-aj :4ji^Laj . (JjLJI 4ili& 

■ .(p = m/V <bU-aJI 

m cjr il^i1 (jaill Jjx-a iSj^a (nfNtT 1 ]) J>»JI jjaiiil <Jjjl« uuiaj 'Ijj^j 

th 

H= — (5-2.3) 
M 

lA.li.1 JJ*J JJJ^ a jSj^ ij'j jlalall J dl jjxaxJI (jjj AiMaJI s-^all (jl -3 all (j* 

SJjlx^ll J (jjjjij-a (_jl (jjj AiilxJI r 1 ■ aSj i "I Uj£ aJ 4(JliLal! (Jjfui •lSJ^-^I CjIjjxIaII J 

(3ajj J^-aJ liJ jajj p I j !MjLui (j! (jiaJSil .AjjIj (^jiVl I— ll jjilall Ujajl lil 2-2.3 

(jjijj jLui-a (Jjla OJJ*-" i^^^^)*^ 4 *\- i < l a A^Ljim (_£^)i-a __)JC dulj 

lil .IjjIj tfl elfij] (Ja.1 (j-a AiajG jLoia (Jjla Je (JjLJI JJ*JJ (jl ■ ; '7- j c<ULaJI oiA 

ojlc-l (jS-al ( Vq <JjI JUjI <c^uij (JSJlL !>ULui j t JI-iLl jloA ' Lijl jU,„l j-. ^ lijJajjal 

: JVI (J^Lj 2-2.3 ALU-all ajI^ 
m=7ir 0 2 v 0 p (6-2.3) 



m = 7irj 2 VjP = 7i 



v2y 



2 



v lP = ^r 0 2 v lP (7-2.3) 



(J^a-a (J^l (j-aj .Clll^a ^-Jjl jl IS-aJ (JjLuJI Ac^u: Jlljjj (jl ' /^J ( (jjdjlj p j ft) (J^l (ja 

I (_!^ q L^jj l Jl ^ j^all jL5 <■ l.^l (j^afij ^-a JjSII Jjjill 

iLjaj Ijjj i a (J.i^tII j -(Vj = 4v q J) AjjIjjjVI AjC^uj (Jl!Lal Aj«jjI ^ adj 

: 6-2.3 3Lbl*-ll c(r 2 =2r 0 ) >ai 



m 



7tr 2 2 v 2 p = 7i(2r 0 ) v 2 p = Anr^v 2 p (8-2.3) 

(Jix-a «IL (Ja.1 (j^i j .Clllj^i (JjLJI (j^i^ n (jl t ■ IJkJ C(jJJjlj p j th (J^ (j-aj 
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jI^Loj I Lai (JjLoJI <tju ^ J i -»* (jl i -La-j t^ja aJI _>La2 ' L-^aj UAtLuaj IjjIj J"'^ (jjajjll 

.(V 2 = V 0 /4 (^1) AjjIUjVI 4jc.^ (j* ililj* £Jjl 

(^ja! ?lej (jj^aj 2.3 

(jjjI^joJI (jljAi. Jc. AjjA i i— lluI jj ^Ijjj J?-** * j.;^-*- <]La. jA (jjjl^jjill ' — " :4JLum 

ISj&iJ tjjsi Jj^S 'W^-^J ^.i'^^ » V ' M 4£Llui ^Lj-^J J ' "'^ ^°-'J^ SJjj-aC jjj^ 

Jj^o "Lpj^i CjLajjM (J_^a. (jj£j]L I^jj (jl ^Jl CllljjiJ (jS-oJj .Aiijj-a -laijj (jLs^uJI J-^av 
La I^Aj t^LaJI j jjjjj^lj i ■ llflll JJ (JSjjj -I Laa JJ dJ j^"' j ajliaJI i " 13 j aJ I jl a J^a^aa, II (j^a 
Jit J jjiuy] j£ll j AjlAill j ^gj^iiillj ( _ s jJaj-a]l j .AjC-LaJl 4j£ i a jl AjjIS JJ Lillt (_5^JJ 

4^avUl| Ajlj^jjoi J CjLajj] ^IjJJ I ■ laj L-iL-aa ^gj^mllj \jL-a-a lli^J I ■ aJJ a (jl (_pajjal 

(J^x-o (jjli .Alall J 25 J ^^11 (_33j£j A£. jjoij (jJjlill jl^i&J (jLljjill jlaS (_>a£j La I^A j 

Jjl*^ ^ (jl£ IjU . Jlx-a (j^aaJil ^ill lillli (J^JjJI t JLgJ ^Ijll (jLjji!l J Jlill (JajLill 
(_J jLjjj ? jU'ati (j«alij (jja. ^Jl (JaJj A£._)ijj jl^La jA Lai ( (jl* aa uill (_£.J 4 uflj J&ll Jja-iill 
' 6.4 Cm/S Aj3 (Oil (jSJLi J^*-a c^jLoyj 4 2.5 mm Jl*-a (jLjiiJ Ja^jll jlaSB 

.1.056 g/cm 3 ^Jl AiljS (^ jL-uj 

^JaLa <La.Lui« (JLaxiuil Lu£ aJ t jl jU,,.l i_l jjjL ^^avtjll (jL^^iiJI ^Aaij lijl Jl I Jaj :<JaJI 
: Jj£ll (jaUll (Jla-a (jjfLi tjjjluill (j niti (j-ry; La J .2 — 2.3 Aj^L«-a]l J tSjfi^ jLiajC 

,g 



m = Avp = ^-^ 2 vp = cm)' 



1.056-^3 
V cm j 



6.4 — 



= 0.332^ 



J 67 jl-^-aJ (j^)-)^' (J^Vl'lJ '(jijl t_lL-aJj (_5j£uiHj (j^ajj-all (j^ij La Jj 

. 4.8 cm/s ^.i.^M Alall J 25 J^j joll jaJS a^j^ j < 0.825 mm ^-u^l Alall 

aJi ^aJ (^till (_KaJj-a]l (jLjjJj JJC. ^Jlll Jiill (33^1 J^x-a L-lLjaJ 2 _ 2.3 aJjI*x3I JLaxl^Li 
(^ja-tj (jLj^S JJC- j»JI (JSJJ J^a-a (ja iaSS Alall J 8 ij> jLjj jl^La liftj c 0.027 g/s L5jLuy 

. JL^ 

SJLa. J (jLjjj (jj Jja. j-a]l Jj^ll Jjbt-a Jc. JaUaJ] <-a_pUI jjjA\ L-lLoiaJ 

: JVI£ 8-2.3 <bl*JI L_Li5ji jLu to JaUI jLall 
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4 

4m 



0.332^ 



v =-^ = , = 58.8^- 



nD p 7i (0.0825 cm) 2 f 1.056-^ 



V cm 3 ; 



(jl ' ■ la J i <_ 5 ^U (jLi ^Jjji J J _ja. j-all JK1I (j}3 J^B (Ji»-a Jt ialiaJI (Jaj (j^i t 1 jl 

gjlaill (Jtlaj J>J (j^i j t^J^La (J^a-a jl jl-lLa J (jjiLuil Jc ajLall 4jjl j-a C^i^jun <JaJ 

J^a J (oV j-o J JjL» ja (basis of calculation) tjtuiaJI qJuJ 3 .<_iJjj J«Uj 

(_J jaJ j .ojLall <j jl j^i Lu3 < _ UnVl jll "Lajaiall J jlij (j_a^a jl {lS^J* J CJ^) 

S JaaJI jl .(jjiLiiVl liA Cy ^Uail 4 a JalJ J (_£ja.Vl Cjljjilail Aia^UI CjU utaJI 

4iV iL-lloiail (JjjLuiI .Sj-laJ Jc. (j-ajj (8.1 ^JaLaJI) ^ II (JjLuixiII (Ja. *Lja j La qa (cLj).2 

jlx-aj ^J^)j«a ^uL-ul Jl <ala. 4-aJ (j^J La LJlc. 

Jj_aiaJI MLma jj-aj J (<TJ=>JI J t_l="^l J) Jja^l Jfrx^l iia-a J^La ^Ur.l Ijj 

(j^i (jjiila i^kxi JJa. jjSlj (J^x^i jl jl^La (jj^J I aija j .LuiLJ jl^Lall lillj (JLaaiuil 

Ljia <a.jlaJI J Am jlaiajl Jl 4la.UI CjU^al] 4J.1.1C. 4_aj3 sLkcl (1 kail ^ Jj) ^jjjj^oW 
(Ja. Jl jl j uoa II 1 jj a-o AJLluxi (t*aj Jl (_$^JJ (jl (j^-°J t ^" 1 (J* 3 (j) •oJAa-a ^ajS IgJ db uj3 j]l 
(_Paljjal lililc. iLajl*^ jjSJj J.ix* jl jl^La («1 (jSj J Ijj .La^jK Jj jl <lLui-ai] Jala. 

|j| 1 Ja.1 .jaLajAVI p jj-a j-a <Laj!ai-a]l ^ la a jl t jj l S^l Lxi (J^*- 4 jl J^La ia.lj 4-aj3 

1 -Luull djl£ Ijlj .La _jl*-a L_lj£jjll (j_a^J '"'j" A-aJala]l (j-a «■ jaJ (jjjj (J^x^i jl I JjlLa Cjj^al 

(jjSJ (lOOkg/hr ji 100 kg JiS (jai J^a J ajK jia.1 tAijjx^ aJjIII 

J j-all (J^Jjll Jjlx-a jl ClV jJI (j^ UK I^^C. jaa.1 c<3 Jjx-a AjIjaII (_Luij3l lilj .LuiLuil 

.(100mol/hr J 100 mol Slla) 

O-LiAl AjJaJ 3.3 Jlltll 
.1.3 JiiSI J (Jiill (> JSJ LtJ jia. :^SLw 

jlikj IjJ .1 jliill lOOg/hr ojl^ia JK (JSJJ J^x-a Jatl cl <-a JaiaJI J :JaJI 
(3alj Jix-a Jl 4iLjal i3 J 2 jJjLull (JSJj J^*-a jUjV I A-a Jalalj 100 g/hr ^L^Vl 

.A^l CjIjLuII ^Laa. J B j A (j/jUl 
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CjULiiaJI ^aaJ LmLul 1 jliill ^ A i—lSj-alb (j-aliJI 1 g/s (jaJiill J.}** 

(Jjjjoi ^^Jc. ■ 1 > ill i i ijj^ 'I V 'lMJ^A^ J^/'*^ Uj^-aJj c3j 1 (jjjliill 'iUax-a 

LjjLoi-a 3 jl/'H J}3.ii]l (J-lx-o (jj^J ' " J 1 j i ill i nl Liialiicl (j| 1 aj cjlj-oll 

L^i IjjLajj .5 lb m /hr LjjL^ 3 jLjill yi A L_ikjJI <ja.£ jjSj IjJ . 101b m /hr 

2 jj, aa, Jja.ii]| Cj^^aut ^ A ~> (jj^ ' '"-'^J *3 jl/'^ 1001b m /hf (_£ jLoij LuiLuil jliaj (jl 
AjiiS j,^^ (J^i* I^Aj cAjjIj ^Sjj jjjlij (_^l Ajjoij (jl Jaa>V .Clll^a 2 ^jlVi^ll ^5 

i— 1ml JJ (J<ol«J gjtijll JJ« ■ aJ jl JJ.'^"' 



lOOe/hr 



A ® 


I *La jiala 


A 


»- 

B 

B ® , 


B 






w A = 0.4 



® 








III 4**j3aia 


® 







w A = 0.5 



.till jlilll jLSj* Ua B j A . cjL jlVm d££ Cjlisjj :1.3 JltUI 



172 



CjV j-a iAjKll Cj^ jJI cAjKII aI&II) a1&11 Ai^a ^1 (JjlaJlj IgJlaxU (jSLaJj c^LijaVI £■ y> 

tm in J A^ijiaiall aJjl jll Jjill JlaJ .2.3 .nil Aiu-all A-ajliiall ^ (j"'-^l 

.AjjLloj^II Cll!ilclijHj AJj£ll iiDl$2uil jl All jj I ■ ajl (j^aJj . Wt Qut J Ifria A^.jLkll (Ji-ii j 

.<La jJalall ^ ji^ljS (jl I i jajl a1j£11 



3 a^lalall Jj.la. 



5^ jlv.-H Ji.i <1& | 




S|-,< jjji 



.AliSJ Ajjl AJjU^ ^Lu JAu :2.3 Ji^l 



aJj^II (j^i " £^a3 " jl AL^aaia jjjlLa (J^ilxjll (JJ^ Aj^xaJI CllYjl*-all (jjjJaii (j£-ajj 

jjJllLa Aai (jj^J 1 alia Aj^xaJI Ajjlj^ill CllV-ilat-a (jjjJoJ ^j^ajj . ^^ILa (jjLouiill (j-o 10kg) 

I^YIS A-olxll Ajjj^II Ajjl j-all AhU^ ' ■ '*<* cAjl^IjaII 

VJ/ _VJ/ + VJ/ _»J/ = xp (1-3 3) 

in out gen cons acc V -"-V 

(2-3-3) 

.till jjxIaII l_jjjl*J Ax^Jj^il 1.4.2 ^JaLall jlajl 

-k' (JaJ *F AjxIjjjjII AjjuaLaJl (Jl blujl (j^aj 1 1 — 3 .3 A-aUtll Ajjlj^ill a!.}1*^i (jjJ^aS (jJa>. 
(jjua. Cjtf >a j CjV >a J '(«%,) j^uc. Ali£ j! t(m s ) O"^ J '( m ) j«>^iTi 

tWt Ajajjjall Aai alaJI L- iL aa < JiLsall (JJ^- cJHall (J;ifui ^^ic. -(Hp) J' -**"-- J-a jl '(^s) 

I 1 —3.3 Aljl*-all JtJj-aJ 
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Z m « - Z m i + Z m gen " Z m co„s = m ac y c ( 3 " 3 -3) 

i J 

: 1-3.3 aLUJI 

Z"«- "Z"y +Z" g en "Z^cons =<S (4 "3.3) 

' ; 

jl jl^La JS (jl J] ^ jaa, all CjI jLSI JJ u£ j jiJI j (Ji.JI jj-llLa jalijl J j / j^iLJ-JI (J^JJ 
C(Jj-aila (JJiia. 4 jj£ j « i aJj ^Jajj l - 3.3 aJjIx^JI A_Aj£ jj^-ajj (jl J ■ aa SI J jl ' ■ lap AjLaC. 

.4 — 3.3 j 3 — 3 .3 (jJjtala-all Ag l\ AijjlaJ j' ajc j« jl 4(jaia, CjV j« jl < j> — Ai£ jl 
.[N] j [M] La$i AjI jJI j Ajjill AjjJaJ Ajjl jJI ^-jtalx^i J jJa. I^aj Lai 

:A_as.!>La jj£I Ajjl j*]l ojLut] AjL ial ao3l 3 all jj£j cdlV^*-ail £-a (_LiI*j]I jja. j 

VJ/ _VJ/ + VJ/ _VJ/ = VJ/ = ^_j_ (5-3 3) 

in out gen cons acc ^ V / 

(Jix^JI AjL) ejlc. ^£Ijj]I .Aa. (jC jjxj . Clljjiiajl t-jjjlxj AxaJj^i] 2.4.2 jxJaLall jlajl 
jeA 5 — 3.3 AbU-all (J 4* Jj-iaJI £J-aa. O' Cjr* cA-ajiaial] Ajxjj jj]| 3j. a UJI jjxjI 

Ljia Aa-jUJI j A-ajlaL<Jl oJjl jll SjLall (jjiij V-i*-a La$i 4* , J 4*^ jl^aJI Lai 

Ajatlu jjll A.b alaJI (J^aix (JajIuij 4 Jj£]l ^^Ic Ajjl j-oll a] jlx-a] AjL ial aoll AJLb all (jjflaJ jja. 
jl 4 m p ji^ir. aJj£ Jax^i J i m s (jjua. a!& Jj*x J 4 m a]j£ Ja*-a jjaj JaJ 4 1 

4(JLLaJI Jjiui Jt .Hp jj^ajc ClVj* Jjx^i jl t H s ClVj* Jj*-« jl l/j ClVj« J^a-a 

I^VIS 5 — 3.3 Ahl*-ajl Ji-aj tA-a jJalall J 2h<W J^a-o Ja.1 (jx 

Z™, -Z^7 +Z^gen-Z^con S = ^ = ^j— (6 "3.3) 

jjail L^aJ 5-3.3 AljUtJI AjU£ j^oJj 

U .6-3.3 a1jI*^1] ajULs 

. [NtT 1 ] j [Mt _1 ] LafrS AjI jJI j Ajjill AjLaUall Ajjl jJI JAAxa J jJa. I^xj 
jjilaaJ jjj t_Sjjlall L-lLuia. jja. (_JjJ^ o^jU Cjlj AjLiI£j]I AjjljaSI aJ^Ix^i Lai 



J 'o J 'o J 'o J 'o 
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= \'< —dt = p d*¥ = \' f *¥ acc dt (7-3.3) 

.CllljJXJ-all t—SJjbtJ (Ji.1 (j-o 3.4.2 ^JaLall jJajl 

m, m s , m p , n, ri s , n p c^^ua\\ ca1&]| Jc. ajLKMI AjjljJI ALU-a jiiki u^- 

: JYIS 7-3.3 aLUJI m aJU J ^ . ¥ u 1 ^ <^ 

f/ ^ " \f Z^i ^ + if X^gen * " [/ IXons * 



= \''*^dt (8-3.3) 



Jkj] Ljaj| 7-3.3 ALU-all AjL& (jl^Jj 
Ijlaj Lai .8-3.3 aLIxaI] A^jLLa Ajjjjaj jj-oifc dlY J 

• [N] J [M] L»$i aJ jJI j aJj£]I AjLI£j1I aj Jl jJt JhU-a j j^. 
lil iUjjUij J AjKII aJj£1I Jl (jl^j V Ajl (Jc (j^iis aJj£1I Jiliajl Jjili jl j£iS 

JjaJ jll Ajjjill C£UL&]I ^ jjjlill ligJ Jja. jll frluUVI) A-kia-La A-a jlilal] AjKII aJj£]I 

aI&II ^ fflj AiLkll _a £ diia t £ = mc 2 aJjIx^I] Us j a!& J) AiLkll j AiLL Jl Aiill 

lil^Ljluj'VI j aJ jj]I t^A^. LLajii ^Axjj cAJaiaj^ AjKII AJliSJl (jl Jl Ijiaj j jjJall A&jjui ^ C J 
J 1 ■ *— J (jUaiaj-a j> CjV j^i j j' ajatll Ai£ j .AjjLx-aJI lillj J 

ULuSJ i|j| .Jjj Jj2 V Ajjx-a A^LvajS ^^LlC A-aJ i^UajSlI CiMtlaill ClVU. 

ialS iluki l$Snh* C£*iJ 'cr 1 ^ ^ J ^ l .tfjli V jAl jia LdLj Al&l JaliaJI 

■ j^altJI j-akJl AUS j AaliJI 4l&| ljIua aJU ^ 

: JVI£ 1-3.3 ajj^I AbUJI iLubLjj tSlli c Lj=jV 

(9-3-3) 

lKj jl m, m s , m p , H, H s , H p (> (^V (j^aj cAJjIII Jc iiUajVI Ajjlx-a (JjJa2 jja. 
!)la tAjjUvaj^ LlL>lc.lai j ^ ■ ajj Jj| -Ut'iti J Lai .AjjLvajS tlLJlcliij J 1 ^1 lit Ji_a 

. m, m p , n pl jj^ 9-3.3 aJjiIxJI J (Jx«jx4 



175 



d*¥ 

vp _vp = vj/ = " — (10-3 3) 

A in A out 1 acc ^ \ 1KJ 



= F*«* ai-3.3) 

J 'o 

m, ra s , m p , n, n s , n p £fli*A\ (> J^t lKj J u^j '11-3. 3 j 10-3.3 QutaUJI ^ 
4* J=>-« lKj ^Ll«^ Cj^lai j ^.^r, .Jkill ^ U .4j]eU£>UI ^1 ^ 4* cKa 

• th,m p ,ri pL $j^ 11-3. 3 j 10-3.3 (j^U-all 

Ajjj^jjJa idlVj^J' j ■* Sj£II dlljjlj^i aa j (J-axiuij (jl (j^aj3 jaII Cl^Aaut Lai 

Aja.Lj (j-a 4 jjl j aj£ CliMclij J j^-j (JJa. AjKII tllV j-ollj (jjiiia-Vl j-aj (Jj^ dlLjjl 
jJiill ^ Ua. AjKII 2Jj£]| j j. aj*JI tllV J CAjjl ^ JiUajVI «— >V -iU-a JLmlul (jLaJ 

5Jj£ ClLjjl j-a ^ JaliajVI ClV^U-a JLaxiJ (j^aJ tl Jji.1 .AjjlxaJ^ll CliMclijll J jz. j (jC 

AjjU-a (jjjh'i (j^iJ (JjiiAJ ^tjjt ^J">^ IajIj Ajjt^aJt SjtjC JL a itluil 

Sjjjw Cj^blaj ^ JjklS cAalcliill jJaill 4JU ^ U t 4alela2)UI jJiill ^ LaJb JaliaJVI 

,Jaj]| ^ iiU^VI C^U-a <JL«jJ 1«JS Jlxy ^1 iltflaJI 1.3 Jj^JI (J^Mi . ^V>»J J 

.4_ilc.lii]l 

JaJ o^«J ^jSjaJI jrUttt 4.3 Jli»JI 

(Acetobacter JiJI Jj^j l?') Mj*^ <-«jjkll ^ :4Jluw 

JaJI ^luY bjja. ^£.lLa 3.3 J^»ll js-^J -(acetic acid) JaJ (j^aa. J^jliuVI aceti) 



C 2 H 5 OH (ethanol) + 0 2 -> CH 3 COOH (acetic acid) + H 2 0 
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.Us.m\ plaa 11*. <J JiUaJfl CtfjbuJ nil OVUiuV! :1.3 JjJaJI 
JaliaJ^I JjjLj 



.JaJ (j^aAa. ^^ic. (_£ jla.) JjLji jlij j jlc. jLjj Jcli»B 




r Jail ^lj?> 



«Uj Jill 
CH,COOH, H,0 
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t -IjAaJI ^ (jl ja) ■LajlVlfill (jj^ji-aj (jjliXo Aaj (jl ^JJ-ia _JJ A-ajIaiall LlLls, ^ 

H 2 0 j CH3COOH j 0 2 j C 2 H 5 OH ^#4 iu jJis-ll ^ sjj^jJ o.U».Vl U 

iaUaJl Ajjlx* AjIjS (j^aJj ( jj? mSVl V tA-a j^jLII ^ ~ . iaj ^ill j& $1 j$j| jl N 2 J 

Jj ! jlkjj .(C, H, O, N ^) j—UJI ^Vj-, Jj^3 JaliaJl oV^j <aJ£]| a^ jbsJ AiSl 

.A] lal a^ 'il Aj-llx^i AjIj£ (j^-aJ tA-ajlaiaJI J ^jiclij JJC- (jj^-a jA N2 (jl 
CllUSj-all Ajjl j-a Aj.llx_a AjU£ i ■ l^J cA-a jialall ,j (C jja JLvajS (JcUj J jj^a Jl I jiaj j 

o7jL~ jli .AukUi 2L. jJisJ J Jj 5 ^ . H 2 0 j CH3COOH j 0 2 j C 2 H 5 OH 
.djUkjJI lilii J (jjUa>Vl CiV j* j J&j aJ£]| CiV jJ\ A_a£la Ajjl 

i^ J) jeusn 

*l Aj jl j-a) IgJLaxU lilik. jll aLIxaII £ jj i_«jxj J lij .(tSdjloiVlj AjJ JiH 

jjc. 1 3 » . j jll t - il l jja^U las j I g Ll. aij ^>J (j^ij Ajjlj^i aJjIxaj t^JI Lajlj aJ t^Jalia ''I 

JiUajVI aJjU- cjlinki l^a 111 tAJtUiV ^JiiSI x^ <7. 3-4.3 xLlLJ! ^ .a^jIVmII 

Una 

S jSlu^l j iu^libUI j jlLJl ^) 4.3 

a£j^ Jiill AjIcUjV 

A^ ajalj (_^^*jkLi]l a i "-^ SI g 1 > <a&] (j^aau Aj^Aaj 
e^La a£ljJJ t(j-a_^ll ^-a JJXJJ V A^i_jialaJI j;LaJ ( _ s j1I CjljJxLaJlj AXaaJl Jji^ jJt o^LaJI 

(j^i JJ_3^ ^"^*J cAjlclijV aiaj ^^A OJJJ^ Laiaj (jl lilljl ^j l—iLjaJ .A^i jiilaJ! ^j"- a 

.Aj jl jA\ aJjIx^I U;,„y;\l 

.jIjaL^Ij l^ia A^.jj-a^ll CjL>jjla]l ^ jijj 4jlj-aiu:L| Ljj3 allj jlj^ll '(COIltinUOUS) 
(^ajjil aj^"lMi^]| AxjjUIj tojjixaV A-ajlaia JjJ ^^)iJlj (J^JI (_JjLjj] ^alui-aJI (jSJjll I^Aj 
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A A. al foil SJjlx^ill (Jat^J La li& j C(jJ1*-aJ aAc ^j^ILaJ ^^jiJIj (Ji.JI (jl 

J] AjL^lijll Ajjl jJI AhU-a Jjlij iAjlcliiiUI ajqu^ll Aja. jjLall - Iv.ll aJU. J 

(continuity equation) 4jjIjau*VI 
=0 (1-4.3) 

in out 

4*. = ¥ (2-4.3) 
in out 

'^gA Ali£ (3^^ (j-<u-iaJJ A-« jiaidl Ajjl jaimVI Al.ilx-0 

2>,.-5>, =0 ( 3 " 4 -3) 



jU cAjIcUjV <a jhiall jl J] I jJij j jU_all j JilxJI *13J (jilloJ J j Z (jjLWI jl tin 

aLUJI J Jxu^kuj (m,m s ,m p ,/i,H s ,H p ) CiV jJI j aJj£1I JjIoj ^1 jit ^^j*?- 

.AjlclioMll ejSluiaJI Ajs. jjLJI -l^iti AjlalSjllj A-ljJa M (JJoIjIjiaII Jl <utlml U^ajl (j^JJ - 1 — 4.3 

J] ^tiaj Jill .1^1 _jll ^ jiJI (Jix^ij A^ljll Ji*-a Cllj (JjLaixJI (jx OJJJ^ Aj3 A^ij 

^ ;<;■' <;-» AiUJI Ajjl^j *(6 ill) fijS JiliaJlj c(4 ill) aJSII Ailkll iiliaJl 

1 ■ •- j <jjl ja'mVI <bl»-a Jl Ai.U. Ajj (jj£j La Ullc. < jjajll oiA J .(6 J - aill) 

lJB ^fl j»jll 5.3 Jli»fl 

Jl ±ffl 

60 )j l-""jll aJ.Ix-0 ^Ijj (_pa±ij g ■ iaJ i ^yji}]J\ (jjlaJI ^3 Aj-a ' . ' ' "*J J UALp_^ LiAj_?^ 

(jU^jjJI J (^yiajll (j^i Aij^)ij ^jaj <_£-^ ^1 ^.lll Ala.} --^ a (_£ J^-"yj .^AAiD J A i ajj 

J ^Ijjj V j L_ila3l J Jtlilj V J o±\J&V] .jiM A^Ujl JS J 70mL(j«Vl 

• (4.3 All) (—llall (j* _>iyVl ■ ; '"'1 11 £J^J cl^-^l (jjSJjll Jj*«« '.'"I'll tAj|ja.a 
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jl Jl I jiuj .Aiiij-a ^ AjKII li] .4j3 ^Ijli V J Jc-^J Vj cU. JJ^J V 

^\ jl Jl I jiajj .<a£Li]I ^ AjLblijll ialiajVI AhU-o (jU 41— jA aJL^JI J l_J jILaII 
^ Al£\\ ,ja.Sij i-aUJI 3-4.3 4jjlj-iu,YI 5J^l*-a jU ( l ■ M J fSljJJ V 



Ajxjoijj ^ J ■ -I ■•- - a II (jl VI ."Lajlaiall (j^i ^^J^J t^^' jl-lio Aia^ll --^^ (J^JJ 

I ■ ll i n-s i ■ 111 (jtllaia la (jljjxjjj jj (jliij-ali. LagJ J&ll (jijjll (J-ix-oj <Uj£3I Lol '4 k-a^ la 

jTjiJ (Jii Jjix^ L-iioiaj -(m) J& (jajj JtsM Jl aLj^jj (V) (j-a^JI (jiJill Jj*-« 

:j5U lisj (jlkJI (> (^xa^JI 



70 



mL 
beat 



c 



60^ 

v min J 



4200 



mL 



min 



Jj.rT. j»jic. (j^aljjaLi .p (JjUI Aili&j (jLkijjx V j m (jl 4 — 2.3 <1jIx-<JI (j-o j£i 
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Ji-J C5 -a^JI JflJoll (jj£j J t(p in = p QUt ) 0 jjJC *Uul ^ 

^in-^out =^i„p-^ou t P =0 



^n-^'out=^-4200— = 0 
min 

y ; „=4200^ 



min 



(jjLuu < . ilall (j^i _>>^)VI ' , ul a j| iJ^Aj lS^II ^^11 jgXajaJl Jjajol! (Jix-a (jl (_jl 

jJijl .j^y\ < . ill -> II ^oll <j jjUj (^ill 4^ (g-a^aJI JjaxSI jA j 1 4200 mL/min 
■ .c_il51J ^Lj^ Jj^j g-SO^U i—i -7 aJUJ 



(ja j-lii A3 

Ls IJlc. iAjlclijV ^Jaj ^ji (AojIj Cllj (JjI ^ui) LI » i «a£)l I <Lli jjC. (JjI jjj j a ■ aJJ ^^jll 

A^jIiloJI Ja-l^B ^n-^l jjSHll ^jLuj 1-UJkJ 1-4.3 AjjIj-oIj'VI <taU^ Jjii.1 j^Al 

4lial ^^Ic. (_^ jjaj sLiaJ^ll ^ 4-«-<iLa. ' ■ ilS ^31 j]l j . l^-ia ^jLkll ^ ■> ^ Jjajjll 

. ( _ s -a^aJI (^JjII Jjlx^i Ajjlj^l 

<taU-all J| jlkla 4<jjl jaII CjVjU-o ,J - ^ ■»■ II (jajall Jo«-» JlaxU La Ullc. 4j| V] 

(J«l*i]l jja. (j£^a JJC- £jL=JI j (JaJ.i3l tgXa^Jl (jja.ii]l Lj-ia (_£jLuijj AlAjua Jl 1 — 4.3 

.y^la Ol jlillS LI i ■ I ALli JjI jjjj Jc. ^ jjaj ^11 ^JajJI jl Ajlclij]! - u<ti j^ ^ 
JSJjJI JjXa VJj t^J >*2I ji (jH^I (jSJoJI JjXa JLaluil Lul j JJaSVI <> (La >4C j 



j3jJ ^^11 (J3JJ (jjJ (j-a3 c^l.r^VI g^mjil AjCjIuU (j?a1I lillil I j ;l a ^^11 liajj Ua-1 
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^xJa JJC (JSJjjj .<liJ.J ^1 (Jjijlillj jj£_jlxl] £j-ajaiJ LiaLuia IxalaC I tt» la La 4£jjo] JjiaJ 

5 mg/mL Jc. Jjk-aJI ^ ii^j ' 50 g/min jjj^ J _ak_a 4jjji-a ^JaJI 

^ jjSjlill (jjajG <_fr*-a j Sj«<l 2 K<\\ Jja.^ JOifatl £3 jlall jl^Lall jA La (l) 

?<La jJaiall 

jt j ' 50 g/min jL-y ^jiJI ^a ajSSJI 3Jj£j1 jjiil Ji** ji 4j j ^ *3I juLull j^-ki (<_j) 
oIa ^a J^aa. la ^i. .225mg/min ^ jL^ (TjaJI jjSjIiJI AJjS Jjaij 

.Ajjajll 



:JaJI 

c t5 Jjill (jajjll ClV.l*-a ^W^V .^LaaSI jJaatJl 2 , aia 3-a jlaia 5.3 .all Jg SaJ (I) 

.ajiLaLa "ULa. ^ji <LajJiLajl • 
^'il jU, ill ^^-alaaJI -» • 

.(1.0g/mL) »U ^ (^jl^ ^i^il Jjla^ll fclSS • 
jjc ^.iill LIU 0 ULLj JaliaJVIj SjjljJ (^jbl*- .3-4.3 aISII *jJ 
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£3 jlall AjKII Sh<M Jjajij J^a jUJ ^jU*.,,.'. |il t ^ _jlx^ 2^0 jliiaJI Jl ^'<ti (JjSJLill J^a-o jl 

:3-4.3 <bl*J| JL«iJj 



^in-^out = 50 — ™out =0 

min 



< ut =50^ 



™in,G 



^ mg Y g Y niL 



50-^ 



min 

'.fC jLuy "Lajlaiall (Ji.l.JI G jj^jliJI jl^Loj 

mg 



^ min J 



l.Og 



250- 



min 



jjSjlill 4%£ (jai J^a-a jjSLl tjjalail Ai£ Jjxxl Upjt& J*J 10~3.3 <taL«-ajl JLaxa^Lij 

IAjIcI aiSl II ojalui-all "Lajliiall (j-o £3j!La]l 



Wi„,G- m out,G =250— ro G =0 

mm 



"W = 250-°^ 



mm 

(j9jSll Ja«-» lSj^jj '50g/min jrjiJI J ^iijlall aJSII (jaij J^x-a (^jLaj tjij 

. 250 mg/min E >S J jjSjkl] ^IjiJ (JS1I 

(_£jLujj ;T J*^ i . <j, aa all ^h<H (jjajj]| J^x-a ^Jj;^ all ^tiill jSjj 

J&ll jjaHll Jjx^ J Jl Ijlij j£] .ajKII <M Jilaajl i^Sjl. ja LJ lia jj <50g/min 

4J Ajtijlall 2 ajajl jc. ' alla^ c225mg/mill (.SjLluj (^ill J jj^jlill ^jJJJ^jII 

Ijiajj ^ja ■ ^ JJC. jjfL »j"<UM jl AjlclijV A-ajiiiall jl (_paljj3l jU c250mg/mill 
A^laj] daliajl Atal*_« V cAjjl j-a AbL*-a JLaxiJ i -laj Ajli iJiiajj jj£ jixJI jl^Lo jl Jl 

.A-ajIiiall 

l ■ 3j i "\ -» Sail jl (j^ajjal 1(JL\a]I (JjJjlu Jc. .Ajlclij A-ajIiiall (jl j'-' jjajj 

(j-a La lc jj (jli 4 j j£ jiill tillfriuil jj J^. . ^ jiJI jLu J All-a£ ■> ■ alLa j j£ jlxll lill^iojj 
S jKll SV;<\I jN/ tjjlijl una jLuKll ^jiJIj Ji.JI til& Jij (jl L-LaJ 111 .^lj J iu.i ClXjai]l 

2 . 
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iajljjj .Sjjxia IaLiI !ilcLa. <2 ^3 a^ljjj .A3 jj£_jliJI (jl jA ji.YI (jiaijllj 

A9 tAjjJa all CjLaLall j .(jL-aSljli AjKII (jSAj jAxa j £ jiJI J jj£ jlill 

jjli^ AjKJI <M JiSi Ja*^ J (j-^lUll J VI t< i.Vstt kji jjSjlill JyS jj J jklll 

' '«*<K JjIS jjC. jjSj A3j i^Alall 0.5 >) 1.1a. Ijjij-a 



^jU-Jl j J^IXail S-JJxia AalfrlijV SjSluLa jji* ^laj 5.3 

(jc jUiiti ^Ja»aj c<La jlaiajl AjAa. (jjjjaj aAAstia ^ jl a * j (JaJAa Lille. jaJaill lilllaj 
(JjlaJ ^^it s. j' iall jaliuilui c^JaLall lAA J j .ojjjtAa jl a jSima iAjlcliiY jl <jlc.l «* 2 .jk'^ll 

.oAAxlall £jla_a]l j JilAall CJl A AjlclSiUI ejSiuiJt - kill 

(j^i j I ^ JjJall Ajjj^JI ^aJlx-ajl ,j 2 ^jU'i^H AjAa. (jjjAaj oAAxlia CjIjIjj 4-aJ (j_j£j La LJlc. 
^jj-aj t^jjjjoUJj (jiiik^aS <_j.alc.jJI £_ji2j t(jjjjj]l ( jia < - ■ aa il J 4jC jVI £_jSJ <U-Lal 

I— a .Till j ^jij]l j-aiuijj .(8.3 (JL\a]l ,>^) l^lj (J^l L?J^£ oAlja C(_Jjajijj 

.AjjjjII eljgJI JaLu ClLujk Jj Jjj-ajll ^^Ja. (jjajjll JJC 

Ifria (J£ tdslAa. j oAC (ja <jj^a Ajjj^ Sjjjoui I ■ iaj ^ jt a all j (JaJAall oAAxla ajajll (j-a 
(j-a a J^- *■■ 1 (j^-aJ t (_5\lLai) (Jjaj^i (j^" ^ "g..^ j' ^^)^ j' '■^ c " C?^" l£ j"'^-' 

((jjjj£]| jj£jli]l Jc ^JjaaJj <aiii-a CjIjLjj AikJj U^3^ 'JJJ^ 1 ^' 

(JlfLallj .Lj^j-a] dlLjAi-aj frLallj (jja i XNf I j (^jj^jjjjjll (jjLij]|| Llj^aVI J 

' a ^^)i-a _)Jt La^la (J£ 1 1 " i iafl31 all ' " La i jjill (jl_}^ jA 

|jLi.lj !iLi.Xa lilllaj (Jj^aill (jl ji. (jl (jja. J il.la.lj La.ji_a j (Ji.lAa eJiC £ j-aJI (jl ji. lilllaj 
.^jLa-a S^Cj (3alXa o^C. lilllttJ (jl I i iaj 5-ajliLall (j^aJj . (jja. jiji j 

Clljjl L-lLiiaJ 10 _ 3.3 JiliaoVI ALU-al 2jL^liill AJt^all Cjliiikill (jx s-AkL 

:i-a jikiJI (j^ <a.jUJ| 2Jji]| Cj^Ax-a ^out ^ J^JI 

Xm,-Xm 7 =0 (1-5.3) 
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1 ; a dVij" Uiajl jLaJj .CjljLull aJJala Jail] 4 jLl£jll j AjJfaJI laUa^Vl CjV-lla-a 

CjV (J-^*- 4 J ' ;J"*'T*^ CllVj-a (J-ix-oj tdlV j-a^l (J^x^ij < j' ajatJI (J^»-aj ' ^"''7- H Ai£ (JajiaI 



^jUajUI JjLuJ) ^ 7.3 JUJI 

A jl jj^ajjal .JjLull AAuillaJI Ailll Jaliajl "LLLn-o ' ■ .6.3 J*N J (jJJ-o jA 




A nil Jj^^ 



^ "~ all &lc<j]l 



. J. ft> nil flfrjil (ji but ^fli'i AjjbLaJ Ajfr jj ;6.3 J^!l 



2JjUcJI c<jlclij!>UI ajSloball Aa. jjLJI jJiloll <J Ji.lAA S^c. ^ j Jl I jlii :JaJI 

: JVI^ AjjlLullI jlilall o^A J ^J^J' jLu j Aj^Aiill Ji-JI ClIjLu 1 L^a jl 1~5.3 

^m. - ^ m . = m,+m 2 + m 3 -m 4 =0 

j* m 4 j i<Ji..i]l CiljLu J AjKII Aiill (jalj CiV^o J1«j m 3 jm 2 j m l j) ilya. 

.^jiJI jLu J AJill aI&II jjai 
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o-ian ji^a jaii 8.3 Jim 

(jjjjjll Jib-aS Jl ^ jSJJ ^1 ^j-alc- jll J] 4;.Vn..n el j$JI Ji.Aj :4Jtuu» 

jLjjll jLuia o {" | |j ' "'^ .'J* ^fi-aj] l ■ '» uJI jj-a CLlLl jp > a « o^t J (_j\jLk ^jijjj < ;j/'"'/'J^ 

eljgJI (j^i (jja mSVl el j^JI Cjljjjk. Jajj j ' " .',"* ^^iW^ (J t — 'WjJ^ J J' JS - ^ 

. JJSjll LS* '^J^ (jji jfc^ V ' " W '* ^^-j J J^J' 'I JJ**iJI J) (JfruiliuiaJI 

.(7.3 (J^joJI) (jiluyjjll (jinj <aS3l j ^^Ic-jJI JJC. (JjSJliall elj^JI jLij Ai£ ial to j| 
^^LijJI jjc. el j^JI <Uj£ (JSJj Jjx* jl^La jA La 

L^a ^SSII Jisll v 

. 2 cm j^j isj^i is^~ jfi u' j ' o ' "^'"'^ u- 4 ^ '-r^j^y V elj^JI <jl <>a j&il 

12 mm (jLjjLui) LaAl jlaiij C(_£ jjjiJI 2 j , .-.all ^ ^LJa jj£I ^yiaJI 3 i n n j]| *> j , .-all jj| 

. 1.2 g/L ejja. lit el j$!l AiljS ^ jLoij j iLujii 10 mm j 

^Arajjj .AjIcUjV j »^«* <ULa. ( ji i^l_all jjjiijll eLul 2 ^jU'i^ll J ^j^ajjij ij^l 

(jl (j^aljjal I ij£ aj 4 i_lUa jiu:l (J jj-aa. ^.Ic Jl I jlijj . -4_ijl jluoil jl a aJ aS j ^^-alc-j]! 

.AlAj el jgJI 

(JLaaliuil I ij£ aj li] . .la.1 j Jji-iJ (J^*-" ^^>^ (J^Jij ^ilu A^i jJalaJI (J a i iaJJ cJ^Jil] Ll3j 

toJl^xla CjI jIjj ClI j A^i jJiial 1~5.3 laliaJVI AH*-aj AjL^alidll Ajua all 

m t —m r —m^ =0 

.^l&jD Jl j^i ? 

• (J- 0 ^' AjuUJ ^)ll 4 j i ^-'all JJ f jj itn j 
. (_g j i aj3l Ajoyj_)]l 4 j ■ afljl JJ / jj uS j 
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AaAjoba ^^Ic. gjlill -J ■ -«'*' j ^ "-^^ II jjallll J^*-a L-lLmaJ jxa^JI (JLaxjjoil JbtJ t4 — 2.3 A]jla-a]l 
p| j^ll ^i-i,,) jll CJ -aajaJI (jjaJCSlI Ja*^i jLuj jgJI jlill (3 _ 2.3 AhU-all) ^Uiijxll ^laiJ 



t 2s s 



I^lc- jll cljgJI At jjoi (jj^ 



^ l 

0.25- 

s_ 

71 (2 cm) 2 

u 



1000 cm J , cm 

= 79.6 — 

L s 
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(jli^l (jisill Jjx-o (jjSj c2 _ 2.3 <taU-«JI JLmjjJj t!3j 



■' = A v rP = ^ £) » 2v *P = ^( 2cm ) 2 



79.6 



cm 



r 



1.2-=- 
v L 



1L 



v 1000 cm j 



= 0.30 



g 



• m r =m l OJ^i ' (jLjjLAo j /i ■ «/i jll j /n i ^l l (J ,Jj£ll (jSJdll ^J** jl ^1 I jJaj j 



V = - 



4m r 



m =m, = ^ = 0.15^ 

' 2 s 

• Uj"'"'/'^ OA 1 "" 1 ' 11 ^ (J£ ^3 *lj$JI -iLaJVj 



4 0.15 



g 



7i(1.2cm) 



1.2-=- 
L 



^1000 cm 3 A 



= 111 



cm 



Aaj lg uijj AijlaHjj .111 Cm/s ^jj-oJI AjojjjjII Ajj^II ,j s.1 j^JI (jSJj 4e jjoi <c jLujj t(j3J 

.jWjax^ jUaJjjil (jljUj . v, = 159 cm/s csjL-y i_s 3jjL-aS3l ,J d j$ll (j 3 -^ ^ u' 

J^kS Jc, -^^U I -7 



coronary artery ) o^>^' jJ^ 1 f^=" ^'j^ p j'^-^l 

liajj JSa-ij j^oLall ^liJI .^ia. <^ «-lt j l$ja J^xloij t(bypass grafting 

.jSI jll jjjj ja j ^saphenous vein) 

67 jl^LttJ /e^till <ilj j >ji jloA j j i ^- J ' 2.3 (Jlj-all (j^aJ^xi ^JLi. ^ o^xi (JuoU 

131 .(8.3 J£j£ll) A^blall Alklall jjl a^jl 4-ajoiai ^ Lij-aJ tie j 4^.lj^. p_JJJ .<lall 
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(jl i ■ la-l f&2 i\ afriuiflj LaA ll-lmjVI Alkia ^jjjL?- AjKII 3 jj£ll (jSJJ Jl*-a j j»lJl Ax.^jai 
^jjjL^ Ig uiflj ^j^IjII jLjiall ^jl l sijxl\ ^JaLal! A*>1 nin (jl (j^ajjal ? jjLajll s-lc j 

(jLjjjill ( X-LlLa jUaiil (jl (_pajj2lj .pill JjaiJ JJ*J V jj^ aJjll tlcj r 1 j| (jl j cll.'Un'iVI Ailala 

. 6.4 cm/s c5 jLuj pill jja-ij acj^ jl j t 2.5 mm csjL-u ^'j.'kll pill (jsjj oli 



£> = 2.5 mm 

v = 6.4 cm/s 




- A ii a 

£> = 2.5 mm 
v = 6.4 cm/s 



jjLiJjl (^L?- iSj^ (J a«j i J :8.3 j£*lll 

. ^^tjll jjlj^jiill jj^i aljAjgutll Aalaiall 



(JjS ^^AjII (jLijiill j^ ajl i all f. jaJI _>jc. ^ill aJj£ (3sjj Jix^ I'lUD-s t2.3 JUall ^ji :<J^I 
0.027 g/s o^j^iJI Aikiall jjc. (« jLaj aJ j c 0.332 g/s jL-y Ajl il-i^VI Alkia 

(jU tpjiil iIlIcUj J_c^La. pic. Ijiijj .(4.8 cm/s ^jL-u a^ 

(jl)>ill CJ Hil I— ua (_1 Aiaijll J ja. Llla jliia liajaij lili .(10 _ 3.3 Alll*-all) 2Jji]l 

"W + ^bypass " ™ out =0 

pill (bypass) j^j i ^u^A jL>£ll pill (jjisi Jl jjJS (block) jl 

Jlx-o jl Jl Ijlajj .jjLaill Aikla *ljj La J £J^I J) (oilt) JJjjU j cjjLaJill sltj J 
(jS-Sill Jlx-a (jj£) cLjjlj Ji-llll lilli <_SjLjJ jl 1 Sljlm^ll Aiklall ^j-a ^jUJl t5 i^ll jjSljll 

I jjL^ill sltj ^>JC. L_ljlk-a]l ( _ s ii^ll 

^ bypass =^ out -^ block =0.332^-0.027^ = 0.305^ 

s s s 

lili .(j^aJ^all (_Jl] (jil i all iff jL^J ollt jl j Jjjilla jjl ajll s-lcj _>ia3 JJ*'*J 

jjU^Jjdill pjl ■ all *3?^l CJ^ CS^' t ^ LSjL^j jjL>^ll S-ltj jalll A£.^)jai (jl Lu^ajjal 
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: jjUaJt clc. j jiaS i_iLaaJ 3 _ 2.3 j 2-2.3 <_jjjljiL»-&3l M^Jj litkLjil '(6.4 cm/s ) 



bypass 



4m 



bypass 



Ttvp 



4 


0.305^ 

V V 




71 


6.4 — 

V s J 


f g "l 

1.056 % 

V cm ; 



= 0.24 cm = 2.4 mm 



j t a Al>-a»JI Aljala (j^^ 3 ^ 1 ag-lmaj LaA ^Jlll <C._>jai j ^^Jj^l (jSHll (Jjl»_a (jj^J 'lij 

.Lyjii ^jLJI g^WI u^>^' (_>Aia jA I Iaj c 2.4 mm (JjUjII ?.lc. j) ^Jall jLa (jjfLi J\ 

Sj^jlL* gj|> ^1 6.3 

Ifrj-lllaJ (jj^. 5.3 J 4.3 (JJxiaiall ^ oJljl _all CjV.21*-a]I ^ ^aJ-axjll (j^i ^.^y> j,'* -> -* (j^J 
AijjJaj .S-UxlLa ' " 'I j<j a j! (jjili^l ^jic (_£j!±aj (jl k _jl a all j (J^lixJ] I^jS (j^-aj < _ s jJI -U»'tll ( _ J ic. 
c(!i\j-a s.1 _agJI j ja^l) - ■ "7- B £jl J-a a^aa a (jl jl 1 2 j jja II 2 uiAj^JI ^ 1.1a. A*jLi ajaj3l lillj (Ja. 
j-a ^A c(!/liLa (jj juij^) lIjIa, j^laj AjjjaJl Ajjlilll 4 II » a]| dll.la.j ^ Cllljljjll AiljJal 

.(Jllli j's.flll 

L_l£^a jl (_>»ia. (J^ UJ^J . Cjljlij (J^"i ^j-lc- I (j '" ^^P^J ^ ^^1 (J^^J 2 .jU'i, j^, 

U^JJ [Mt '] J H s [Ntf']) <J (j^UJI (j-jaJI (jSjG J^aj jLjj J£ ^ 5 c^L}^£ 

5 <LoilaJ| jjjilia.V! Jjajj Cl^-la-a £-aaJ j^ll jl ^^Jjlll '^jJ^H jLiill (jjaJj J^*-a L-jLua. 

H=J> 5 (1-6.3) 



(2-6.3) 



l ■ I ;< j* £-a t^gJj^JI jl <_^>aJI '(^11 Aialj J^x-a fLkcl ^ jLjJ (Jjlajl 41s.aJI Ailjiall j 
4_J j^J| 4 u.i ill j VV ? ^jj_^l j <jl&]| 4 jin 'ill LaA (J"' 1 ?- II ■ ■ ','^jT'l (jLaSLall (jljLu«_a]l j . jLiill 
\jjLji-a jlilll 5 (jjjU^Vl ^"7-1 AjIjaII jl Aj]j£1I i -Luijll ^J-a^- ^j"7 a (jj^J (jl ' ; '7JJ • 

:1 

S 

2>. s =l (4-6.3) 
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i^jjjjjVI (jiitaU^ll Uij J jJtj tJ&W Jjalill 'J^j aJ jJIj aJ&II jlnmill Jai Jij 

w\=^- (5-6.3) 
m 

* 5 =^- (6-6.3) 

liij 4 _ s JjjaJI (jjjll <Jajoil _jj Lx-o 5 (jja-o L_l£j-a] ^ j^JI j ^"'^ J}3.Ijll VjJ" JaijjJj 

n s =^- (7-6.3) 



AjJjJI (jSJoll Lot (J unl (jLoj .S l_i£jx13 ^JaJI ujj^ J* M ^ tj\ 

(jjjll (jlS lil j .jLjjII ' '*,' ' "* j"'^ 4j3j£3I t . < i n 'ill j Ajlj^ll jjiJill iliV^au jl AjIjaII l_1uu]| j 
Aj]j£]I dl.li._jll Cj^Ljjag Jj ■ aa II _j^al 'jLiill ^ jj"*'?' (J^ Lajla-o __-is3aJI 

:aJ j^ll j 

n = > — = m > — — (8-6.3) 

x > = ^— (9-6.3) 
M s n 

2 ajlalall AjjUojIII j.^I'itU 9 _ 6.3 (^^a. 1 — 6.3 Cll^JlU-all u,-i 1 i '-j (jLaJj 

.5 (Ja-o p JJllI (Jaj c jjjja. 

j3aJj . lajl 2-. j^ j i,i,^H 5.3 ^JaLall ^3 ojjljll <jL '—I foil JaUajVI dlV^lj" ' a JJ (j^Jj 
La ^3 j . jIjj JS ^ o-Hxaxi (jjiU^I ^^Jc (_j j"-*." ^Ic. (J«"un'il a.l}*lL<i ^jli_o j (Ji.li« ^^Jc 

:aJj£1I ialisjl Cj)lA)ut g ,' ■ — * iAjlclffilll bjSIuiaII 4a. jpLall - lajll (j-aij 

t^tt* X"'.- Z"'.> =() (10-6.3) 

» 7 

j-J-fl^S X<,-2>,.,=0 (11-6.3) 

^loV^ Z".,,-Z";,, =0 (12-6.3) 

J^l^r Z"«,P-S^,P =0 (13-6.3) 



^gjljaj^ll Ji <-iVlll p JjI^II JlaJj CjjLaJAVI £ >a L_£ja1I j (jaiaJI JlaJ S (JjUI (jj tlu. 
(jaia. jK-ilir. Jylaj .ije. Aji Jaa.V jaJlj JiiSI CjIjLu ^13 j! LaA Jj Zj 4^LqjaVI 
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.Vjl jLiill JAi 

(jl dlLj jSaW Aa.V (j^-aJ tlftA jAa. (j^i^i oAA*A« lAjlj ^^Jc iSj""' ~ lajll ,_)'-"-.' 

. A^lj ^^ji-o __>JC C^J^k! (J^J CjIjIjj jj-a clAjj^a £-a ^jxaJj iA^lj (J^Xo £ya (^Ll 

(JLoALj .^^all ^^A inVl <SjUa j (_£Ai.j I J-aj a _jj oAxaII Ai. 1 JlfLaJI (JjUjoi ^^Jc 

^jJt-all jA Ai.1 j ~J~- "J t4jA*-all AAiJIj f^S^all C(j!>Li.A« oA*_al] Aa. jj .AjlclijV 4_a jjalaj sA*-a]l 

(jjAAj (j-a I altjj 4J| (j^ajjij 1-5^ aUtJaflj .(9.3 (J£joi]I) Lii^l 

(j^i l^il ^^jll t *L&jJalfrll e^)l i aatll j .s.(_£J-a]l jj-a oA*-a]l (J^Aj cclll jAiA_ijj£j 

Lpl jaj CllLjj^all j .Ajjx^JI AAxJI (j^i tpH j-a^JI (J^Utl CjLaliiaj Jali-a j CjLaJ_)jj 

b«_a ^ JJ-aJj tl tfg jK jj-a jj^l i4jjx_a]l AAiJI (j* jl f^j^JI j^ya ((j^J^A lfrl\!Ltt 

JAxJ-a 2^3* J 1 * J ' ^ " ' ^IxJa (JSjjS <_ s Jc- t_£_)£& (^^^ is"^ <_s^j ^.J^Aj coAx-ajl 




jAlijj cdlljj£-a]l AAxxa (jJ*-a Ala._oJI jAk-a-a]l jA Ai.lj (J^Aa (jj^J LaAit 

CllVAx-a L-lLuiaJ 1 0 — 6.3 j 5 — 6.3 (jjital*-aJI (JLaxluJ 1 ijS aJ tJaSa Ai.1 j ^ J^- " _JJ& J^j-a^ 

I (jJ«-a 5 jl (j J^aJ jJalall ^ (Ja.A ^ Ajli^ll (J^AllI 

Z 1 ".^ =VV m,s'« 1 n -Wout,>out (14-6.3) 
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£ jaJ jIjj ,J S jjjiUa^U 2jh<« ij.nilt ^IjagjgiV ojJ^Vl <blxJI S-lJjJj Sir-Lij 

I^^lc. Jj-a^j t CJ Jj^l (jja-iill CjVah-oj jLij ^ l^joij (jjilia.!!! Ajllill i jmill 



out,s 



w ■ m. 

in,s in 



(15-6.3) 



(J^x-o (jli tJaSS ^ ji. jlij JaS3 (Ji.J jlij ^ 5 (J.ii-nII (jl I jiajj 

IAjIc ji^J (_£-^l (Ji-Jlll jlij AjliS Jja.ij J^xi (_g jUjiJ ^_)iJI jlij ^ S (J"jaJ ** fc£ (jSJij 



(16-6.3) 

chyme, protein food, protein chyme, mucus gastric, mucus 

i^j^^W t-iu^i f Uiall ^ jjjjjJ] ^ISII Jja^l j!>x^ jA m chymeprotein uj ^ 
i£« jA m chyme>mucus j 'flJJ ^illl jCtau. jA m food , protein j 

^ JaU^ll Jjill (jajil! ja m gastric>mucus J i-i^ f l*UI ^ JaUxll ^ISII 

Am jialal (CjV j-a J) aX& aIAjuo S + 1 4-«J jjli li] . (AjKII ClV jJI J) AjKII 41&1I jj 
xjalall jiiil) Ulaa Aiaiuia AjjlLx-a 5 + 1 II lilt (j^i laSa <hlx_« S (jl V] I mla 5 ^^Jc. (_£ jisj 

.(4.2 Jj^llj 6.2 



A 
B 



B 

C 



0 



/ 



^ 



•Cj Bj A SjjS^i <J^- J ^IjLj jl :10.3 Jiuill 
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1 jLiill .(10.3 (J 1 ^ Mill) ^_><^' <_5^] J^j' tdlljLall j CjLj j's.nll oJlJlxAxi <La jiala ^ 

^ (jjj^j^l] jlliliUI (jtnjoiill j . m x ajKJI (jaij Ja«-<i (_£ jUjjj tBj A (jjj^j^ll LS \c 
ajKII jjaij J^*-o j iCj B (jjjS^I (^ic. 2 jLilll ji'.jj . w x B j Wj A LaA 1 jliill 
^Jc 3 jliill ijj^ij • w 2 c j w 2 B L»A 2 jlilll (jjj^ j-all jliilii]! (jllbooll j . m 2 ja 
3 jliill CjLiSjJ aJjIII t_Luull j .m 3 jA ajKII Jjix^j <.C j Bj A oLSjJI 

A^c, jlilall o^A S^J-" (J^ Jaliajl <hL*-a aAjS. (j^-oj . W 3 c J W3 B J W 3 A ^ 

;^ u aji $ j..'i-.U 10 — 6.3 <ljlx-all jxLaxJ (j^-oJj t»j£im<JI AjltlffiUI 

=0 (17-6.3) 

i J 

it 

: 17-6.3 Jla*luL Cj Bj A clA jJI (> JSi jLu Jij 

A: w lA m l —w 3A m 3 =0 (a-18-6.3) 

B: w j B mj +w 2B m 2 -w 3 B m 3 = 0 (b-18-6.3) 

C: w 2 C m 2 —w 3 C m 3 = 0 (c-18-6.3) 

m 1 + m 2 -m 3 =0 (d-18-6.3) 

S := ii 

CjLjj^all ^aaJ Ajl&ll ' ■ bailll ^jA^a fj\ J^i) 1 ;liaa ^ jSj i a " LllV^la-aJI o^A (j^ 1 

- 6.3 ^jia. - al8- 6.3 oV^U-all n 111 .(3-6.3 aJjIx^B ISij 1 ^ jL^y A-a jh^ll 

(jLaJ tJjAUJI jU-jjj ^j^ m II c«llj J^Jj . -d 18- 6.3 <LU-all ^ia«jl Ucx> - cl8 

jjjJaj (j^xiJ (3^-^ ^V^«-<iJ Aj1j£ ' -luij ^-a 1 0 — 6.3 <ljl»-all (j^i jj^Xall Jlj-all 

.AjIj^iII ^aHll CllV^x-a j t ■ mulL ' 8 ■ a j3 A^i jialal 12 _ 6.3 <tal*-all 

Ltt^ili* lh'^jj p^l (j^- 12 10-3 J^l 

c0.07cm/s acjj^ aA fd\ ^Jlij 1 0.0006 cm JjVl *lcj3! ^La ^jLoy ? J 
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'0.0007 cm^lill «-lc jll jLa ^jLuuj .0.43 plj^aJI cAjjill aj-o^JI Aa^jll ^jLoijj 

.0.46 Aj3 slj^aJ tlAjjSli 2 i.^ll 4 j mill (fi jLoG j I 0.08cm/s 4j3 jjJI Ar-jjoi (_£ jLoG j 

s.lc. jll *l j^aJI ^jLijill L_boia.l . 0.0008 cm £-«L?Jl jll <_s j^yj 

:JaJ 
i « • 1 

.£-aLaJ JJJjll plj*aj Cjljjill Aj-aa^aJI 4_Lmj]l i Jm-J (!) 
A Jj^j JjajG oL^jI ^j"' -""'Jj '11.3 (J^ "ill ^ (JJf« 4jC- jVl lajaa " (l_l) 



D t = 0.0006 cm 
V] = 0.07 cm/s 




£> 2 = 0.0007 cm 
v 2 = 0.08 cm/s 

// 2 = 0.46 -tjjjilllo jjjAjjj jjjle j fill ijaJj :11.3 J£*ill 



04^ -2 
: Cilj.^ija (!) 

aljjj jl JXojj V j 4 J L ill Ajj^JI AjC- jj\ (jljAi. • 
A-ia^l^JI 4 iull /'il ?c la i a • 
."Lajlaiall «l^.jl ^'1 ui J AjjIj ^\ Ailj£ (jl (j^ajjil <jl V) 'ja.1 
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. (JelaCLo jjc. ^jJI • 
.1.056 g/cm 3 c5 c^l • 

^j-iLuu jj£I ijj (JJJ^ ^jLiSoIj LaAj i2j 1 (jjjlilll (jl jjajuall (jUlc-jll ( _ s ^4 • 

.3 jLnll 

.(■llni) jlajVI "LaJ^C. ^jAj Aj-o^jJI dlj-aaJI ClLlj^ll 4 Imj // JlaJ • 

• Cm, S, g Aj3 j-JI (Jjlia. jll Jainm! • 
Jjajiill (Jjbt-o L-lL d'i (j^^ij 4jl *i) tAi.l^j-a ^ !aa * (jjiLuil (_jjiJ tjjjiLuiYI (<^l) 

jut j 111 .(Ji.JI (_gji±> (_ya Ai.1 j J AjJaj a jjl ^Jl jiakll j 4ilj£]l Jl aatAuiU 



m 1 =-D 1 2 v 1 p = -(0.0006 cm) 2 0.07 — 



1.056- 8 



V cm 3 ; 



= 2.09xl0~ 8§ - 



s 

i— iLui^ .3 

(jlxj IgiV 4-o£La]l ^ 6-3.3 Aiill Ajjl j-o 4LlxJ Ajl.^l&l AAjj^II iCj^jUJI (I) 
Ijl] t ^^ijj jjalall (Ji.Ai ja-JI j 4 jjSJj C^i^a I— iLma. J (Jat'iii") (jl 
Aj] jj]I lis. j»A*Jj lil tAlaajl (j^.^i (JlLilc-liij CllAaJj V j .4^. 4_<i jJalall (jj^J 
jl Jl I jlij j .^la^JI J ^ AjKII aJjSLII j tAlllxJI ,J j 

4_^jjia A a^Jaj all 0^4) (jl ^Jl l^jlajj a^jij i n a J jialall c^l JJJ V f-JI 

:3~4.3 41&1I iiliaJl ^jjIj^IjI aLU-o JI«jJ lv<< aj tAjiclij'V Sj^una 
]Tm,-£m. =0 

i 

Clilj j^a Jc ^Jl jja jl I jiaj j t4-LaajaJI pl^aaJI ^Jl Clilj^ 4 imj L-lLuiaJ 

: 10-6.3 aLU^II JL«U luL aj t(Uj^Jlj *\ cAjjill Ji-) ojuai* 
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/m ] -/ m, = mj + m 2 - m 3 = 0 

(j^^all (j^2 4(jLo _jlx-a 2 jLi^l ^ ^JllA ^ iaj a j]| Ac^jjJI j J iaflll (jl Jl I jJaj j 

jj<^ 1 1 jlill] L-iLcjtlml ^JA\ 1$ uij <ii jJallj ^jJj^II (jajjll J.i*_« t_jLuii. 
jlull Aiill jjaij Jau-o l-iLusJ A^jiill oIa J-axi^j j . rh 2 = 3.25xl(T 8 g/s 

:3 

m 1 +m 2 -m 3 =2.09x10^ - + 3.25x10^ --m 3 =0 

s s 

m 3 =5.34xlCT 8 ^ 

s 

. v 3 =0.10cm/s 

CjlsjS Jl jrliaJ <3 jLull gj «.lj^sJI CjLijil] 2-faajiJI 5jjou1I • 

4 u.i ill oIa (jl (jja. Jj jlilll ^ji (_s-^ f>*> cs^Ij 's-lj-a^JI 

Lu^ c4-2.3 AbUJI J cjlSUll Jl«iuL <r sll J<A\ jLaS <>u. Jj 

(jl gliij t 1 jlilll J «■ I jAaJI CjIj j£]l A iid'i Ai ^)»_a (j-a j . ^aa-aj Jja.ii]| J.ixx jla-il 

r^jLuy 1 jliill *l j^JI Cibj^ll ^^-aa^JI (ja.ii]l J^*-a 

V V V V 

" ' " " " * D 2 v " n (Q 00()6 cm)2 cm - • 

4 1 1 4 V 7 s 

y 1SBC =8.5ixio- 9 — 

s 

^1 J^a ^ tf iS V" = 1 -42x10^ cm 3 /s ^ 

aaj AjLLa _aaJ (Jtj 

.*l j-aJI f Jl oLjj£ j*2 RBC .2 jUll J *l j-aJI oLjjill ^^11 

I— Ajj£ Ajj£ ialiajl aLIxx AjIj£ 1 -J Jjajj CjV^Jt-a £-a aUlxj La jl jC. ( _ J it j • 

:3 jliill J 2LSS1I ^ (J3JJ (J-lx^i < ) 1 1 (Ja.1 (j-a »l j< i-^l l p JI 

" Z™;> = ^l. RB C + ^2,RBC " ^3,RBC = 0 



197 



"P3 



m i,RBC m 2,RBC W 3,RBC 



Pl,RBC^l,RBC P2,RBC^2,RBC P3,RBC^3,RBC ^ 



: J\ AiLJI Jjiii i^illl oljUU! 



^l.RBC ~*~^2,RBC ^3,RBC — ^ 



y =y +y 

v 3.RBC v l.RBC TV 2.RBC 



= 8 .51xl(T 9 — 



+ 1.42x10" 



cm 



V xmc =2.27x10" 



cm 



c3 jLdl ^ 3ji-i»n j\\ ^Jlll \c jjoi j ^.n-^ll fl^AaJI Cjljjill 



V 



3.RBC 



3.RBC 



2.27 xlO 8 — 
s 



D 3 2 v 3 



Tt 



(0.0008 cm) 2 



cm 



= 0.45 



0.10 

v s j 



4 J J 4 

• 0.45 c5jLuj £^UJI ijjll el J^aJI ^jljj^ Sj-^^ti A I mill tlil 

A^jlill .4 

A-ia^ai 4-boiill j 1 0.10 Cm/s lSJ^-" -4jJ^ yr* o^"" f"^' <t>" (') 

.0.45 ^ j*=^ f^ 1 ^j^ 1 

3 J i it'll! 4 aft £ii (jl Liajl (j^a-all (j-o j (jJJJ« ■ all (jJJ-ljJjll (jJJ^C jll LjjLu 
(jV c (JJJ jxjoJ! (J^-^l t^^- J W' 1 "-^ (JH 4UJ frlj-a^-ll ^LjJ^ 

JjVl *U jll ^ (L.J3L1I </) *lj^ OLjj£ Cxuy] ^1 OU'jUl 
jiaj! .^-oLaJI Ajj^ll ^ji lx-a La^C.Loi^.1 jj^. (^jljl! «lc- _jll ^ *l j-aaJI CjLij£1I 

.^Jl jjail Jjkj (^Ic (_j -7 aJUJI a^IjJi 
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p,j A uil\ jjA (jsiW" 11.3 JUaII 

aJjjVI JJC. i_llall J] t°jk; AjSII Jjjuj .4jjl$j]l t-ilSLjiVI CjU. _£ia j AjjIjjJI CAaL_aYI J 
^aflla U-ojVI (^JjSII JJJjll S-^ajJ -^Vl t-ajs.Vl JJJjll ^ i_Luflu ^11 Aj^I 4j.Aj£jI 
1 1 1 ^ij (jl JjS l*-a ojlc jjU a"-\\ iajjjjVlj _>"yVl (jj-lsjjll (jl (jja. ^ c^-jS/I i_ija.Vl -^Jjll 

J^nifl) ^^Vl i— S J^Vl Ajjjll / j AiJijj ^\ 1$j3 L-L aj (Jilt jjaiall ^ (jjj 

liil Vj t(jjL-aiia (jjjlc j JjC- l— ij^Vl -^Jjll (JiJJ Aj£J) (j-o j>^ll (jl i a .(12.3 

jIjjj 1 Lajj (jl (j^aJ lil j cLujlj 4_Luij L_ll£jj]l AS ^^ic. (jLljlaJ Lagjl (j^ajjii (jl (j^aJ 

.^.1 j Ji„J 



I illaj LoJ J"^"' Aj^jS 

V x =1.35L/min 



CD 

V 3 =3.33L/min 




:12.3 Jl&l 

.^jSII ^ Jjl jll i iiMI ^li 



^Iji^all ,Aj£]| (j^i -lra._a!l £J=>-all '.'-^,'J .4isii.j]l ^Jl (j^i 1.35 L Aj£JI J;o"...j 

JJC ^^11 (jSJj (J.lx_aJ AjjlLa (J-a^-o ^ aa^JI I j S3 £ (J.lx_a j c^J ^^Ic (_£ jlaj V - I all j cs-lx-aVI 
^JS J.l*-aJ -ka3 Aj^jSII o-JjjVl JJC AjSJI jjUu ^oil jl (_>aljjal I ''< -J 111 .AjJjSII o.JjjVl 

jaj tj,J (> 3.33 L/min s-ilill J0\ ^jVI <-»j?.Sfl jjjjII . 1.35 L/min (^jLuy 

' ■ 'Vail ■ aj La ^^JiJ 
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Lj^i 0.5 mg/L '4jjYI IgJ A^uota. j« fy&jji ^yaijji Jc jl (_p3jaal 

(jjj aAjjx^ aSIc aJi .Pb o-aL^>j 0.25 mg/L j *CN JjjU^ 0.6 mg/L j 'NfL 

3 j 1 jsjLull <ji ££Ij]I (> aJj^I i,u. i ill 



3 w i,nh 3 = 5w i 



CN 



w 



3,NH. 



= 6.34 



NH, 



W 3,CN = 2 - 46W 3,Pb 



j^Uj ^ill ^Jl jl V] i(Jc-lijJ j>JI jl ^1) ^ ja.all j* ^Jl I ihn ^j£JI jl ^J^-a iJaJI 
^1 jLi AjLi t!ic.liLa (jjiJ 12.3 J <luJI ^ ^U.-,-!! <jAj£1I sJjjVI JJC. ^j£1I 

A-ajXall ^ iiliajVI aJjIx^i jjSjj tliDLjluiVI J Alijjll lia. ^.lajj lil .j^joiaJI j-a JjVI 

* iuj all (J «!■»" i n'l i .1 Luli tjaJI (jS-ij CS$^3ut <La _jlx-ajl jjjliall jl Jl l_)lijj IgJ ajUui^ 

2JLa. J <-ajlala]l jj£j ijIjaLlAj ^Jjj ^Jl jl Jl I jiajj SaUaJVI Aj^Ln-a] 2jL^Uill 
j-a L^ia (JS ' afcj 0.1}xl« till jlij a JiLui-a]l 4_llc.lffiUI Aa.jjia]l "Lajlaiall D^A J .la.jjj .a jiLui-a 

J cOljLull -i-ixio tTjLi j^a 

: 1-5.3 aJjUJI 

- y^ j m i , = m x + m 2 - m 3 = 0 



3 J 1 jJjlilll J jj3 jjx-aJI jj.Laa.aJ Jjajjll J^Jt-a jjj JaJjll 4 — 2.3 "U-llx^ll (Jxatluijj 
^ jflmll Jja.j jla. ^Jl JisljS ju (jjsll jl (j^ajjijj .LagJ jjaalj^ll aJj^II (jS-ij <^^*- <1 J 

:aj^I oljLiill J 1.056g/mL^I <a\j£ jj£j lilj cj^-a l^al^xjl j 



m t =V l p = 



1.35 



L 



mm 



1.056- 



mL 



1000 



mL 
L 



1430- 



min 



pSiLt Laxi j . m 3 = 3520g/min gjjja cAgjLLa Aiijlaj 3 jlilll J Aiill J^*-a i—majj 



:2 jlilll J ^ISSII JiSill 



m 2 = m 3 - m t = 3520- 



-1430- 



min 



mm 



2090 



g 



mm 
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:l$ia JSJ 10~6.3 AijU-al! Aju i3 J 1 (jJJ^I ^ ^j-ajj] jUj^ j 

NH 3 : w ljNH m, +w 2 iNH m 2 -w 3>NH3 m 3 = 0 



CN: w 1>CN m 1 +w 2>CN m 2 -W3 >CN m 3 =0 



Pb: w lPb ffl 1 +w 2i > 2 -w 3 > 3 = 0 



c^iJ ■ C 2>Pb = 0.25 mg/L j . C 2CN = 0.6 mg/L j < C 2 NHi = 0.5 mg/L 

.1^! Aial jJI CjUIjSj Jj^IjjII JLa*laiU 2 jUill ^j-uull 5^*.<tl ( ^,„\\) i_jLua. 



mgNH 3 ^ 



w 



2,NH, 



Pbl, 



iood 



0.5 



L 



1.056 



g blood 



V 



f 1L 1 


f 18 1 


v 1000mL y 


^1000 mg y 



= 4.73xl0~ 7 



mL J 

w 2CN = 5.68xl0~ 7 j w 2Pb =2.37xl0~ 7 



NH 3 : W 1,NH, 



1430- 



min J 



4.73xl0~ 7 ) I 2090-^- 
min j 



3,NH, 



3520- 



g 



min 



0 



CN: w 



1,CN 



1430- 



^] + (5.68xl0~ 7 ) [2090-^ 



min J 



- 
min y 



3,CN 



3520 



g 



nun 



= 0 



Pb: w 



l,Pb 



1430-^- + (2.37xl0~ 7 ) 2090 
min J v ; ^ 

g 



— 1 
min y 



3,Pb 



3520- 



= 0 



min 
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1,NH, 



W 1,CN> W l,Pb> W 3,NH 



> W 3,CN' W 3,Pb 



; L_l)\jLq 4 a i " 1 ^oJ L^li.j 4 ijl Q , ^ rtl l 



3,CN 



■ 2A6W 3,Pb = 0 iW 3.NH3 " 6 - 34M; 1,NH, = 0 ' M,NH 3 ~ 5w h CN = 0 



NH 3 : W 1,NH, 



CN: W, 



1430- 



1430- 



min j 

rr \ 

mm 



-w 



3,NH 3 



Pb: 



w 



l,Pb 



1430 



g 



mm 



-w , 



-w 



3520-^- 
^ min , 

' g ^ 
3520-5 



= -9.89' 10" 4 -^- 
min 



min 



= -1.19' 10 



3 g 



3,Pb 



3520- 



min 



= ^.95x10 



mm 

-4 g 

min 



(J^aaJ Ax = y cK Mill (j^i 4jjli jjj 4j.li <aj Lllaa 2ialuuJl A jAiill CjV^Ix^II o^A AjIj^J 



3 


-5 


0 


0 


0 


0 




W 1,NH, 




0 


-6.34 


0 


0 


0 


0 


0 




W 1,CN 




0 


0 


0 


0 


0 


1 


-2.46 




W l,Pb 




0 


1430 


0 


0 


-3520 


0 


0 




W 3.NH, 




-9.89xl0~ 4 


0 


1430 


0 


0 


-3520 


0 




W 3,CN 




-1.19xl0~ 4 


0 


0 


1430 


0 


0 


-3520_ 




W 3,Pb _ 




-4.95 xl0~ 4 



:<Lal_uJI 3j 1 (jJjLiill 



W 1,NH 3 




"4.735e 


-008 - 




4.74xl0~ 8 






2.84k 


-008 




2.84xl0~ 8 


W l.Pb 




3.6747e 


-009 




3.67xl0~ 9 


W 3,NH, 




3.002e 


-007 




3.00x10 7 


W 3,CN 




3.496k 


-007 




3.50xl0~ 7 


W 3,Pb _ 




1.4212* 


-007 _ 




1.42xl0~ 7 
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4ali£JI 4 u in II ^. nVi (jl ^^jk 4*i iqVi JutJ ^-ill iJ j-all ^jnmll ' L-lL aa (jjjl^jia (_jAa.l 

^jll ^ lg .nil 2^aLJI ojLall Ajliill 4_u-ij]l ^^Jc. (1 jLull) (jiill f-JI (ji oJja.j-all AxLoill oi-al] 

Jix^ ^1 tojUl lilt jU-jV 1.0 (j-a s iA '(2 jLull) jjc. 

; i a; lA Till (j!ix-a (_5jLuu cLj j^iVI (J-^J La ^ •(J-^O- 4 !! <Jajj| _jj " Li]ajall 

xtu i 1 w inh 3 1 4.74xl0~ 8 nnn 

NEL clearance = 1 : — — = 1 =- = 0.90 

w 2 , NH3 4.73X10- 7 

.^lill 0.985j iJj^U 0.95 ijj-aL^jl! j jjjLuJ i L^a Jti*^ L-uaaJj l^aj ALjJalLjj 

t jjjLijaJI ^ <lalt 95 j 'Ljj^YI qa Alall 90 (j^ (j < ijSJ) _^jc ^^11 j-aj La-iic ilil 

.(j^aL^a jll <j-a 4iall 98.5 j 

oIXua ^ 7.3 

(J£] AaJj La-la "j ij.ia.lj "Lajlaia <_ajjxj ^jji C(_£^a.l dll al£j a all j (JaJ.lall ^jjc. ia-ia all 

C(jjx^i (J i ill i in j (Jxxj o-lixAa a.vit <i dll.}a.j (j-a ■ altjj <±ui li^ SI - laill (j-a IjJJ^ (jl V) .AJLoi-a 

. JJJ^ll ^ uiall (_J*e Aij^jia Jj^' LlLaj ' -U» ■ call (j^i <lcla. 

4 ■ a ^ II JLaxiuAj 4-ijV Alkali i"ilj. jaaJju all ^'u.-i Lj-Lo j tdlljJaaJI a.l}*j-a llll jjjunll j 
Aj-lui (jj^J (jl jl j-all ^jjl J-a Cl^Aaut (j-a a.la.lj ^Imlnn (JaJI $1 ja^V (j^-aJ tAj_ajaJI <JjLlaj£ll 
Clll jj^/ 1 (Jl <nr"iiiil (j^aj ■ " ua j AJLoixJI U^,,.i' ^ (j^ajS U jl _)3l Clll Aa. jll J jt Lol . AjLtill 
oJl^xa-o iJLll^jjjjai]! dllj aialll ,j i La Lajl ui 1 ^"<,T.al 'i ^ ^J^. i _-ill Aaui ilj AjjJal J jll 

(j* SjjjjjjJI Ajj^a, ajaj oA*J 4jjl_iA Cj^Ajua <L)U£j Clll^a._jll (Jjc (j^y tdlljakjll 

oJJaj-a - u«M t^Hj i j .<] j^a all till jjillall AjAaa] CjV^l«-all (j-a J^C- ^^ic. (J j' aaJI 

dll^a. jll (dljia.jHj <j^aliJI^ L^Jg ? (_g j*< i n all (Jjj-alij JJjLj <ijjia -j* (j^i idllii. jll 

.4UI j (J-asJI (j-a Ajj-aJ Jjj^l (_gj"liimll "Lajlaiall (JjlaJ (j^i ^^i.^! 

^)-al ^T^3(S 7- all (JjlaJlll (j^a^jxj ^>J^I ^-a ^alala (j^- <a 0.1^1 j (j-a 4j^£-a A-a^alaia l^J^jxj (jl 

Jj^j'" ^^jll (j-al_aiJlj CjI jjili-all ^jic jjgj all Jj^a. AAaj aJJ La AaIxj il .La ^1 ^^JaLuC-l 
j JjXJ ^jjll ^jLLaJlj Ji.li-ail jjC JAJ dipj <La jJaiaJI JjJ^ jWiJ U&J <jl V] .l^ajjij 

C(jjjA^.j (j^ <jj l S<ill A^ajlalall <lla. . Aj J^a-aJI tliljailaJI fjJJAJJ ^LajftVI ^J^iaj^ 

.l*-a 1 a^j]£ (Jj^- jl 'II sii.jll (Jja. jl I oii._all (J ja. <La jJalall J j^a. j»JaiJ (j^-aJ 'II J I 
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. dsl.la. _oil aa <La j!Vm\I J j^a. - i iaJ La-ijo 4_LaLi 4j jl ^a 2Jjbt-a <Aj£ LcoI J 

^ iJSlI ^ Jab 

eAa. jll ja j ((nephron) ojj^' j • J u£j?^-? L» W^a cs-* j J 6, ^ J 

(jjjiill - j . ..a' (j^aj ((JlfiaJI (JjJjj ^^Ic. 13.3 (J^jill) Ajjx-a 4 alia a I flji Sa j <_£.ljj <L*niia 

oljjjjjVI j (> L£sUJ (j-a aJU. aa.U3Sj J,.-^ c(Bowman) j'- 0 <^J 

.( M -13.3 JiSH) a^UjI! <> JjJ L>a k^ ^1 ((tubules) 

__)JC. I <La jJalall J ^aJ .AjKII j-aj (HIj Hj I) <-ajlilail J (j^-aJ 

2j 1 cjIjUjI! jjc III j j^=JI >ajj .5 j 4j 3 Ciljlilll jjc. II j j.iaJ >ajj .3 j 2 j 1 oljliill 

(jjjlilll jjc ClLa _jix-a j2jOJ .5 J 4j 



r) 




jjjail! ciSty :!-13.3 JiAJI 
. 4 alia a\\ ^LmftH (j* 

Keeton WT and Gould JL, 
Biological Science, 4 th ed. 
New York: W.W. Norton 
and Company, Inc., 1986. 
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I 4-a jlaiall J jJLi. 



:^-13.3 JiA» 



Jjkj] HI j^-'-'l 

t>° tj^jj ^ (jLojlj «j=>^ ^jJ] ci^-^ cjsjj "S?^ J^-j > — L ^-j tyj -4 

jjc- CllLo _al*-a J (jx I la II [jm el jda all <La jJalall (Jjlaj Vjl ^tiaj 4 Llllj_a±ijV I 

.jjJJ^a. j AjK j-ail Ajli^aSj OljLjia. 14.3 JIaaII jg Saj .3 jLdl 

<_i jjliVl j i(Henle loop) Aikj ( (proximal convoluted Tubule) ^Vl 
jJiill ul-jj .^-oLsJI <_s ja^l j < (distal convoluted Tubule) iS ^l\ c_£liall 

A alia a (jjjl^lnj dllc- j-^ a 1 g -J"^"' (j^-aJ jl t^L aAla Clll.la.j IfrL "-j; Cjljj£-all ai& 

<aJ .4jK1I (j<a Aalli-all ?.lj)a.VI Jj^"' (J^ ^j-a 3-a jialall Jj.la. pjoij (JJa. 

.dj -7 5JLaJI 3.J jj ^ aiG jp£l 

L^LaJI (I^LSl^ 4k&i 12.3 Jlid 

Ajlkll «vLi& ^1 AjaJajaill LlvLaJI (receptor) d^LSikjus J 1 "'^ 

SjUfl jJJ JL-ajVI j-a jjLajU SjUU 4ja.jlkll AiJalaJI ^3 (Hgaild) ^ ^J.'J.' 

L^£j£ojj i jjj , ,. i . LjSj3 (JlLa 4 U.Tiil J, tri it i \W\\ (J^xll ^Sjjia j lgla.1 11 j 

(jl (jS-aJj tAjla il ^iajLU ^^Ic. ^iajj^jll j (JjSli a all (jl ■ adit ^-a (jxl jjILj Ia jJjJjj l^jiiajj j 
4ja.jLiJI AikiaLaJI AjaiLall Jajb^ll j j^jaII i " J3J i a all Ja& (j-a 2 U, : :\Sfl tSUj jdau 

2jU» 
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ijA^aJI .CtfJ&uiA AS jaJ Sxuoa £ :14.3 Jiill 

Lauffenburger DA and Linderman JJ, Receptors: Models of Binding, Trafficking and 
Signalling. New York: Oxford University Press, 1993. 

^JLJI .Vi.--.u (j^ojj i-iN jjijj JajUjll ,jc. ^.fl J. ^°v< dita (endosonie) 

ej^La ojL^J (JLaJI ■ "-^ II JJ Lj.fr.ia.jp jl ^,.11 JJ IgJjlcJj 1 *iN j H jjjJj 

aIlijj JJ 5;U'.,.yi Jc AjlaJI 
^jua '^VjJ ■ " ua i'iN in'.,„.ll SS^^J 1 U,,o* La.i j^j 14.3 (JSjjJI ^jjjj 4ja iajqJI AjlaJI 1 " 1 a a 

La 4jla SI ^JajLO Jt '"'^ <«"..< »ti JlxJ 4-aAj-a-a <LajJaial j^^jl '14.3 (J^ '"''ill (J aatlmLl ^IJ 

si* J '"'^ jSluLall (jJJa jj (J^a-a a Igie CllLa jl«_a ^UaJ Jill 4£^)aJI i " ll jl aC. 

?4_a jjalall 

Jill 4£^)aJI CjLjLaC. La -^LH ""J"? a J r"iN <a*., ....ti 4^.^ 4^a jiala] I J jAi. ^JJjl 

?<La jJaiall oi& J i "'^ j£luia3| (jjJa jj (Jja^i jlaJV 1 g '"*■ tllLa jl«_a JJ ^UaJ 

<L aoLall iajLl^)!! W^a "Lajiaial I J j.la. ^JJjl (til) 

:JaJI 

t 14.3 (J^jill) AjiaJI fLic. (Jja. <La jiila JjAa. jxuijl t<-lla II gJam Jc i * <N <q* ■ .. »B ^xl (I) 
I * '"'^ jSLuball (jjiajj JlaJ Jill -» uiVl JJC J jAaJI oik J-aJ 
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.IAjjjJjj i . u£jp (J-la-a (jc. dlLajla-a Jl ^liaj t4laaJI 

c 14.3 JSiill) ^ILII f jiAB Jja. jj^a> ^xuij! t^JLJ! Sj=>^. J <-»N .«•;,„ -i«J(<_j) 

IAjjjJjj dl^LSluLa]! (jjJa jJ (JxaJ ^Jjl] -3 i ^>JC JjAaJI j-aj . "LajJaiall JjAa. 
i ** <N .a" , „ Jl 4£^a. ^ JLutiuAj dl^LSluLttJI (jJJa JJ (J.l*-a ^liiai j .l^J^Lajlj 

IfrKla j| j all JJj^J Ci^J&ua (jc CllLa jix-a J] <La jlalall o^A J]j 

(Jj-aj (jja. 4jl JJC- .IgjjJa jj i_gj^ (jl .i*J AjlaJI Jc- jSluia31 j JajLjJI iajijjp 

.L^UjjjI tilij c^JlJI -j"'V^ Jl j .LjIjjII (j-o (complexes) cjljaxxll 

Jbu ' " ua J 4 il-s \\ frUxil a jjla-all JojIj jll J j-laJI - ■ aJ (jl ■ ■ laj t4 LajJ^all JajLJI 
i ■ ' "'^ j£luia3l (jt lilijjj ■ aalj ^^jll t<jla 13 <Lia.jlaJI 4 j i ial a II J _ja. j-all iajLj^)!! 

^JLJI ■ ua B Jj (Jj-aJ (jl (Jj5 AjtljJxIl <jla,l ill A-jjlaJI '"'^ ■ aJjaJI I i iajl la It - 1 aJ (jl 

.(C A^iall Jj^a. (14.3 JiSlI) 

ttjU »Ll»2I **1U« 13.3 JUaJI 

^a ^laAi " Jl c-Lall (JLaatAujI (j£-ajj .(_£^)a.l sj^ I ^ II ajiLml ojlc.1 (_Li3 dLiaII 4aJlx-a CllLIaa-a 
AjSHII AjLoC J 4jjLa]l olj-all £tJl*J . (!M!La Aa-lluillj AjSjjII j i_$J^J L_l_>uill 4aJl« all (jalj-a 
AaJlat-a ojjjjjJ I SajgUx Lai yai l — 15.3 (J^ uJI J 4jjia]l lilt (jLa <JjJa.j AjjLjjjS 
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II 



I 



1° 

l o 0 |-| 

0 U'l 



(0 2 , N 2 ) 

1 Ijjj^j 



T 



Aii'jUl ^JUJ ^oio^-i UU„ :S-15.3 JiAll 



® 



.© 





m a , w a . 








jj^l 



® 

m h ,w htZ 0 



^jj-j ^-15.3 Jiill 



4j (jl l^Jjlc-lj Ia jjjJj] (jl jiJI ^ (_J 4jL-all j^ll j l-Ijoijjj 

(J j^laII ^JaLall (jAj -**',' j .gilx-all (JjLuJ! jLiil <aJl» all (j^i Ajj-a (_£_)^Jj 1 iajll (Ja. j Jjj 

— 15.3 (J^joJI) 4j jgjll (jlji. ^jij (_£jjl!ill in. n jjII (jlji. (j-o o^jUJI Lijii^JI JJj^J ^jj-aill (j-a 
^jj^ll (J 1 <afljj .JJjJiill o-l^jj ^jj^JI LaA A^JUoa ^.l^j Sjj^/I "LajlaLoll - 1 aj j -(^-1 

(jl^i. (Ji.Ai jlij :(jjjLii ^ IaIjI !>LcLa. ' I $ .y^ j* jjj*' 1 uj j l>° jW^) *>jj.iaJI ^j/'^.'^ 

.(s jUill) jll ^aJU-o oJls. j (jll lilja^j jlij j jL£JI) <j j«j1I 

'" 

1 m s /rhj = 0. 1 jl oil JiaLj . ^jJclsSY z ^-^1 Jial t_£ <^ c£ lSj^j 

c jLu JS ^ aJSII Aiill (3ai l-u^-I 'W ez /w ( . 7 =0.95 j m^/m, =0.05 j 

4^uill Ljajl > jm-> lj .(Ji.^11 jLiil m ; AjKII 4jji5l (jjaii Jax^ rh a ,m e ,m r ,m b ,m s 
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(J (jijiil . W i „ Ja-iil jLu ^ Z — 1 AjM Almlti 4JV^J jLjJ ^ Z J-aUJI Ajjill 
(Jjlaj 111 .^iaia^Lo AjKII Aliill Cjjaill £-1*1^. Jj 1 ^ t5^- J -O^^' jA m ; a\"<.\\ Jjx-a :<JaJl 

.l-j -15.3 JLill ^ as^l Jj>^l ^LJ ) 1-5.3 Sj&^JI 2JUJI ^ &J*3i\ aLU-o 
^ra ( . ~X m , =m i -m e -m s = 0 

3jt<ti aIAjla * ajSIl oi& (_pajj«jj . ^ = 0.1m ; jl toLLn-all CsLojlx^ll (j^i j 

m ; -m c -m s = m ; -m e -0.1m, =0 
m e = 0.9 m ( 

CjLo _jl*-o U£!>liol j .-La jlalo (jjSil 0.1a. J (J^ (Jj*j 111 . (jjjj j JJ i nil ^jJ-i^ J Qli AlolaJI 

(jc. ClLojlx-o ( _ s it J Igi^j Am jialo (jj^J Ajjgjll (jl ji. Vjl (Jj*^ J * LWJ^' (j t 

i^a ajj^I >! S jSIoloJI aJLJ aM JaliaJ aJjU-o .(o-15.3 Jiill) a jLuJI 



m, +m h -m a =0 





m e ,w 



Cj\ jiJ AJ j>, ^ :a-15.3 Jl&l u>J^ ^J>* :£-15.3 JiAll 



4jK31 A]j£]I Aj jl jxi aJjLx-o ^ ^ ajSIl oiA (j^ajjxli . m fe = 0.05 m ; LipJ olkx-ojl ClLo jlx^ll (j^ 
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m, +m b -m a = rk i + 0.05m, - m a = 0 
m fl =1.05 m, 

AjJSJI aJjOJ JaliaJl ALU-a .(tll-15.3 J^Jt) r jUill (jc CjLijlx^ ^^Je J j.^U 4-ajlkio 

m a -m e -m r =Q 

I^tjjj (jjjLiiil <-o jla_a]l Ajj£]l jJSJj (_paJjxaJ 

m a -m e -ra r =1.05 m ; -0.9 m, -m r = 0 
m r = 0.15 m ( . 

.2ilii^JI ol jLalJ Shot cjVax-«i 2.3 J j^?JI j-' '-"'j 

aJjOJ Jaju Jajjj ^1 5~6.3 ALU-all J-axi^j i jlij J£ z <_j£j^11 SjhOI 3j j IM 'i\| uai 

"^"'■"J V j J jli V AjU c,^^!^ JJC. Z ' . '^J*^ J Jl l_>^jj • jUill (JM-^ lW*-" ' . '^J-^ 

eAa> j JO. Z JiliaJl ClVij" Ajt& jLaj toj^ma 2JU. A-a jliiall jj£ Jl 1 jJij j 

;A_iKll A a j]alaI3 j 

m.w. -m w, , - m w , _ =0 aJ^II A^jiiiall 

m t w . z + m b w bz - m a w fl , z = 0 a^I jl> 

m a w a z -m e w e z -m r w r z =0 (/jjtill m^j^ 1 u 1 ^ 



J m s j m, J-*^ j A-ojall s^a (j^jjai .w e = 0.95 w ; . Ljj^l tS\ i-<» <J1 oU jl*^11 ^ j 

: ^Ejjj AiaLull Am jJaiall AJU. J £ J<all Aj -lU-a 

mw . , -0.9m. (0.95w , „ )-0.1m,w =0 
iy> Sj b oij^0 Jty r jLull Lsj=s s j f ul jliill ^LlSi lie. ^ jjJI J I jkij 
w =w. =w =1.45w. 

r,z b,z s,z I , z 

aIAjla JLxutLail ^j^aJ lil .6! jL)J^ I^C La Clll jliill ^Aaa S Ai Z L_lSj-all AjIjOJ A u.i'ill j 

cAJj^x^i A ^jU'i ^ ria, ^jj (jl (JLaalluiLj . W fl ^ (_lLmaJ (jiLa^jlilall (j^i j_g\ Ajj£ Sat °^ il 
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m i w u + m b w btZ -m a w aa =m i w u + 0.05m,. (l.45w,.J- 1.05m,. w fl>z =0 



. jLj J£ ^ z A_iij£]l ^Laall 2.3 J j-^?JI j-' 

.Ajfalall sU»ll AaJU- <j 4Jj*!I t^uul! j aJjSJI JSJj tiVj*- :2.3 JjJaJI 





jajj Jj&d 




1.02 w, z 


1.05 m ; 


a 


1-45 w, z 


0.05 m,. 


b 


0.95 w, z 


0.9 m ; 


e 




m,- 


i 


1-45 w, z 


0.15 m,. 


r 


1.45 w, z 


0.1m,. 


s 



C(_£ja.l (JjLui« J (j£l Ajyu^a (jjJ (j^i ^ 7- all Oljjxlall I Lb aa cJjjU (Jlj-aJI J 

degree of freedom ) 4jjaJI 4a, jj Jjlaj Jl* L_iL*ai] Aj^ia Ai jL J] Aaia. a-oj as 
Sja-rau^»]l CiLojlx^ll Ja (1) ijJIjjoi (jc Ajla.71 Jc- AjjaJI Jj^' ^c-Lu .(analysis 
^ ^ittll Jl >JI *SLJI JaJ AijUl ^* L. (2) ?2JL*B JaJ aJI* a^tU 

AjjaJI Aa.jj (Jjlaj (Jxxiail .13 j . aILuiaII (j^aj CjI jaji. Sac Jja. j (jya. (J aj ■ aa II Aa.j 
CjljaaJ Sjjxla jjaj J sJax-all AllSUIj AjUall Ajjl j-a JjLo-a JaJ 

Jaliaj^l j Ajjl j^ll i_jYjI*-o (J^J tjj^ a all L-lLuiaJ Aja-j La AjII AjjaJI Aa.jj tj,'^"' J." T J 
Ac j"?- all (j-ojjajj (jl ■ ■ la j ( V 7- a 

Ja. A-aJ (jj^J (jla iA^ (j-o J» >»*il ojSjlall aIaLuiaII Cj)! Ajual\ 

caHx^ Af t> J&l A-aj jl£ lijj .(underspecified) ajaaall a ia . ^ ac j^a-JI jjiij 'V 

Ajjc. l$ju t '< . jj ^^jll cAJLaJI o^A (jl .(JaJI jl^jV Ifria Ajjlx^i (_?l (JLastiuil (j^ol 

gjlsll JaJI jSf it.paiLii jl Lkk jja-j (jlLal ^^Jc Lajlj (^ jlaij c(overspecified) aj^jII 

(^1 lilJj a lia jj| (jjj j^ll JaJI Acj^a a (jli clil Sjtla all Alllx^i !l ^jic jm 

(Jj3 ^Aialuia <]jlx^i A^ J V j^T- a A^ l?I) J; A ^ ? all Jl^C (_5jLuy CjVjIxaII Qji JJlC ( _ s ic (_^ jlaj 

J,iU* (jl .(correctly specified) jj^jII a->j^>^ L^jL A-a jlaiall i_Lua jj j tJaJU «jJI 

.A] a all dl jJxLall ^0 Ai jjx-all dlLa jlx^JI j CllV jl*-a!l (jjljJ ^J^jj-o jA AjjaJI Aa.jj 
(jAjJa (j^-oJ ij c'i«.li^J aJLuiaII (JaJ A laa ^iiajl 1 1 iajl AjjaJI Aa.jj ijj^*' (JLaxiuil (j£-ajj 
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<C " Jt Jl iS-Jjila aAa j (j£ Jc' 4j_)aJI iX'^*' (JgJJJaJ L_j|ja.jll SjJxlLa 2 ^jlv^ll 

(jl (jja <J 4-JJ.lajll .gjakJa i a (jljja.j jl Sja.j (j_a^J IJltj .IajjjAj 2 ^jlVi^tl Jc jl tCj|ja.j 
Jc. J j. JaJlj V J flail ^ ■ J ■ aa 11 4-ajXaJI 2ijjlallj A iut , >-i (jj£j C]l)ja.Vl 

^^jll dlja. _jll jjAajl AjjaJI 4a. JJ Jj^' ojlcj ^J < ' SJ 4^ ja ■ all dlja. _jll (j^i Cilia 
£j)j AjjaJI 4a.jj ijjlaj jXil»J (j! Jj I JaJj 2 <j,,.-s, «\\ Cilia _al*-all jSjj J*J (Jail 4Llii i'i-^ i, — t 
.SJUaxJI t_yzj dlljajl oJJalLa 2 .jU'i. (j£] (JaJI AAljia -"v"* ■ ■■ ' ' ■ lti£ll IjA 

4jjllaj£ll AjajJii^JI i_jj£ (j-o AjjaJI 4a.jj (Jjlaj (jc. Cilia jlx-all (j^i JJ j-a Jc (J j - aa II 

Reklaitis, Introduction to Material and Energy Balances, 1983; Felder :^ia) 
.(and Rousseau, Elementary Principles of Chemical Processes, 2000 

dfi j*aJI jj AjI^ 1 g j 14.3 Jli»ll 

<LaJ (> OJJ^ l-iltij -(1-13.3 (JLill) AjISII J AjaJajll Saa.jll jA Ojjiill :<ULfc» 
i^jjVI i_s!/lLall <— I j.'J'SH ^j-a i_aHjj) Aiilla ^Jjjia Cllljjjjjl j (jLajL "J?- - * (.j- 4 ^ el jiajVI "Lalj 
(jljja. JSC flail j ^!ilaVI j Cli^l-aill liljajjj (^ i — SNfl i__£tlall LJjjjjVI j t(Jj& <Sla j 
.(_£jKll -JJJjll (j-a JljJjVI ^J*ll J jl j-all L-b^aJ CjJa. A-y . nlVl (jjj La <iiala Jj (jjjijll 

AJill 1200mL/min ljjI^j ^oll (> J^j cJUJI All J 

J gpUll ^<<7>jj cdjllijaJI (jjiUL Jc «Uj 1 125niL/min j-^jj 'lA -4 ^jr^ Jj .ajjShI 

VI AaicVjll V j .(jjliKll ojjU-o / e jlSlI Ajjjll jJ (_li^3J AjLII jl jja. J tAaAJij 

.(jjjjjLijillj <UjJ| j ^XaVl l^loj c(<69g/niOl) a j;» . ail CjUjjaJ 
C(jjjjjjjVI J «.Lall al ■ aJ J SjltJ AxJj .Lj^la. (_^l (jjJ (j-a ' I ■ aj Cjl V'JJ.'^ (>» 4^3 
i-Luall Aa^ojVl jJJ La Aikla Jl Aa.Li'jll ijij Jijj j c<jllall Jj JjJI (j-a 0.69mL/min 

.^jKll Ajjjll J 

jaJI <a laj (j£-ajj . (jjj^jiijVI j (jLajlj s^)a^. LaA (jjj.la.jj AjjKII ^JjoijjII AjLaC Aa.A<ij (j^aj 
j^"- j (jjjjjljj£j aJjJj ' " ll IjJ J^WJ s-l^>aa. CjIjj£ J'- LfJ^i ^ (jr^ ^ (J^^ (j?^ll 
J 45 s-lj-aaJI ^j]l CjLijS jLaJj . (AJLuiaII ojA J jS>jj ^ (_5ja.l dllij's.n <-aJ^ «Laj (Jjjll 
^Lall ^1) fl^aaJI ? J CjLjjS <> JLaJI f J l^jl Laj^Ljll 

La_pLill Cjljjja. L_U^JJ jA aj Jaj^al l tllllljaJI i^JJ^JJ (jl (j^ajjiij .(t^jiVI ClsLj'jSlallj 
ja. j3j laai flail j (J jjll (_pa-aa. j (jjjjjlij^ll j Al jA\ Jc. J _jjll ^ J^aJj .AjjiSj AaLijll j 
I^Ll La (j3 j (jjJjJjjVI Jj Ala.ljJI 4^1 ni^ll CjLj£aj AjjlLa (J jjll C_lljj£-a ' ■ Uaj JJJaJ 
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-unne,ur 



c 



= 70 



c 



unne,cr 



filtur 



C fflt. 



= 140 



cr 



- urine, ua 



-filt,ua 



= 14 



Uaj '(j^Au^ cr"" cr J 


IjJ ( _ s -ixJ Ufj 4<^.Uij ^j-ixJ filtj 


tV _>j (j-uu urine jj tiija. 






:<U j,; i aj J CjU j£-o 




r -is? mg 

^unr^ur 10 " i T 
mL 


r - 1 mg 
^urine,cr J--"u 

mL 


C • =042 mg 
urine, ua ".i-z, 

mL 




4iS11 Jja.£ CjV^j Jy£l Jill 










^ JaJJ ^sll ^311 rfUS ^ 




tji CAljLA JjS Jjajj Ctf±m j jj JjJa. J%A :i-3.3 JjJa^l 


(mg/mL) jjSjill 


5 jUll 

J) OWJ^^' 


4 jljtfl 


3 jUll 

(jLajlj s j^Li. 2 jLiill 


1 Jl#» 




18.2 








1.96 




jjjjjLjS 




0.42 












0.0 


0.0 


0.0 


djljijjjj 


0.0 


0.0 


0.0 




(mg/min) ti^l J-^ 


5 jLull 


4 jLull 


3 jUll 2 jLiill 


1 J^l 



0.0 
0.0 



0.0 
0.0 



0.0 
0.0 



0.69 



125 



1200 



jjiuljjS 

(mg/min) 
(mL/min) 
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gjyyi ■ 1 

^3 £ jiJIj <J=^I jLu CjU jLall ^LaaJ < _ s JjS1I (jajjll ClV j*-a J JjSI JJ (1) 

.(16.3 (J*^ "ill) (jjJ^jiljVj (jLa jlj Sjii LaA (jjJJa.jJ <LojJaia!l ^, Wn llaiai-all (l_l) 
. JLill (J oUax^i 4j 2j 1 CjI jIjjII A-Laa^aJ (jajjll ClV-la-a J .5 (^Ja. 1 j-a Oljliill 

i ■ '«»* ^^Ic liljC-Lui; till jjxaaII ^ja jLajjj (J^Jt ^jaj o!>Laj J j-la. JLaajjyul jj I (J jAa-^Cj) 



V[ = l200mL/min 



V 4 = 0.69 mL/min 




II A 



©H 2 0 
ur 



.(JjJI ; ua .jjiiiljjS :cr .5J^> : ur .U>U. :cells -ofijji -pr 

.AjK]I ,j jjjjiuVlj tjLo jL Sj^aJ (jjjj^. j tj* ^jj-aj :16.3 



(*) 



.iillil JUa jA I "3.3 (JjJ^I J .Ajjill Igiajj CllVax-aj 3 alia all 

: cliUiJaja (I) 

. (L£iLiJlj i CllLjjj j jJI ts-Lall 4(J_ajll tj^a-aa 
J ^, l-'iS/l ^j^a UMiJIj Cjliujjjll qa Alall 100 (jLa jLj Jjii ^- u'njjll ^ fu i aj • 

.(2jU31) *a>L5jll J\ 
.f.\ ^a L£/LiJI • 
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. (^jjijj J (J' ^ L ■ j ^jLo jLj 

.*LJ1 ^ c£U£U <L\i l«JS JjJ! 

: Aj&\ » ;-<] oULij^t-i) 

.[4] 82.18mg/mLL>>iJI ^ ^LnjjjJI j^Jj csi-y • 

1.0239g/mLj 1.056g/mL ^jl^ *\ oLjjillj Uj^llj f J cAiliS • 

.(6-cij J j^JI t> si jaL ^1) 1.098mg/L j 

.<] :ur • 

.jAiijljjS :cr • 

. JjJI (j^a. :ua • 

.*V- :H 2 0 • 

.L£U :cell • 

.LajX :pl • 

.(2 jlilll) A^Uij :filt • 

.(4 jliU!) J :urine • 

.min imL cmg CjI^. jll • 

: 1200 mL/ min csjL-y 



™1 =^1 Pblood 



V cm j 



1200- 
^ min J 



1267^ = 1.27 x10 s 



mm mm 

i— iLui^ .3 

:3-4.3 £ jSLqlJ Jiliaj! <bl*^ ^ u ^ M J JiaJ 
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A^jJ (Jji^-j l3 (jli toJl-ixlLo _jj AJLoLall Lttj 

(jjj dlailxJI jjt Ijj^l dlLajLt-all j . IjLa j-ol Ala. jj^aJ La \; laJi] 



m 2 —m 4 — m 5 



m 2,ur- W 4,ur- m 5,ur 



m 2,cr- m 4,cr- m 5 ,cr 



™ 2 , ua -m 4>ua -m 5jUa 



m 2,H 2 0- m 4,H 2 0- m 



5,H 2 0 



= 0 
= 0 
= 0 
= 0 
= 0 



:'a1jA\ 



.AjU^Ixi (jC. CjLs jk^ll ( Jax^i lillLaj LuV 4 jLull ^Jji]! ClV-i*^ jUj] U&aJ 

i^jLay 4 jUill ^ ^ISII ^ISSII jLall 

™4 = ™4,ur + ™4,cr + ™4,u a + ™4,H 2 0 



V ' * Ua | 4 jLii^ UJ,'^""* l^jali&j La ^ aJI Jjajjll J^a-a Aijx-a (j-o 1 ijS aJ 

: jLull cfUll ^1 jLSfl L_iLuaJ 4-2.3 3LLU-1I (Lj^Uil Jj^j 



m 4 ^Pplasma 



0.69 



111L 



mm 



1 .0239 -i- 1 = 0.706 = 706 



mL 



min 



mg 
min 



:4 



m 4,ur — ^4,ur^4 



18.2 



mg 
mL 



mL ^ 



0.69 
V min 



in J 



12.6 



mg 



min 



oIa o^j^j -<-W u^-"^ 0.29mg/min j jjijiUjUl 1.35mg/min 
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c*l!i ^ *UI 5JjS (jajj Jj** 2% 4 jliill ^ AjKII JiliaJl aLU^ ^a ^1 

™4,H 2 0 = ^4 - (™4,ur + ™4,cr + ™4,u a ) 

= 706^-f 12.6^ + 1.35^ + 0.29^ 



= 692 



min 
mg 
min 



nun 



nun 



min 



j^^y 4-1 



18.2 



mg 



^2,ur 



^ 4,ur 
"70" 



^ = 0.26 



70 



mg 
mL 



0.014mg/mL :2 jliill ^ J^JI u^-^j jjiuLjill IjjSjj 4^ a^jLIo aIijLij 

Jjlx^ j jjSljill D^A fJii JlaxU I Tl^nj .J jA\ (j^aaJ 0.03mg/mL j jjiulsjill 

J£ (jijj Jjxx j c2 jlilll <ji <jkll aJjIII Jjai J^o jLaj^ ^lijlJ ^-^N (jaJSlI 

(32Jj Jjxx .4 jliiB UU1»»U ^1 l^jLiij 4i)jJalLi (illi Jai 1 -J . jLjall lilli ^a jj^-o 

oUjiJI JiS (ja^j oV^j . m 2 = 1.28xl0 5 mg/min aJ£11 2 jlull <i& 

t j/ml j jSU m 2 cr = 1 .75 mg / min A — SjJJ m 2 ur = 32.5mg/min i^jLij -us 
ii^V m 2H0 = 1.28 xlO 5 mg/min tJjJI o- 3 -"^ ^ 2 ua =3.75mg/min 

iil Si ■.'.■■■■j tJSlI aJjIII (jajj J^a-o IjjjSj ^ jLaJ 2 jliill cLaJI Jjajj J^a-a jl 

(32Jj dlV^a-a L_sLjia. (jVI Uj^-oJ c4j 2 (jjjliill Sl&ll (jajij (J-ia-o ^aJS Aija-o jj^a • 

j^-- ^a <Jjj]I JiUaJl 4J.slx^ JL»«iJj 5 jUill <^a AjKII <1&1I 

^2,ur-^4,ur-^5,ur =0 



<„=<.-<„ = 32.5^-12.6^ = 19.9^ 



min 



min 



min 
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jUill rh 5 2 Xll aJjIII jjajj Jj*-« u_A) *"* ^hj^ij 

CjUj^JI (3aij cS^'i*^ uj^j '1.27xl0 5 mg/min :5 

o^aJ m 5ua =3.46mg/min j 4 jjiuLijSll m 5cr = 0.40mg/min :4jaiiJI 
i5 j\0 ^ aSjA\ jjSjj L-iL^Jj .dial! m 5 H 0 = 1.27xl0 5 mg/min j cJ^JI 

:4 _ 2.3 AJjUxII JlaxioL ^ A (jisiSI Jah-« V J L-uotaj 

. 1.27x10^ 
v - j= _^5_ = ™,1243— 



Pplasma 1.0239 



min 



mL 



19.9^ 

C 5ur =^ = milL = o.l6i^ 

V 5 124.3"^ mL 
min 

C 5cr = 0.0032 mg/mL :<£Lw 4l;jiaj JjJI o^aa. j jjijiUj^l! Ijj^jj s-majj 

.JjJ u^aJ C 5ua =0.0278 mg/mLj ^Lij^l 

(jVI 41—1 Jjjj^/I 0.1a. j <Lo jlaio ^ ^^)aJI j (Ji.JI Cjliajj CjLo jla-a (Jl aatljuiLj • 

3jt<tl aJjUI Jaliajl Ajjl*-<i JLaxiJ (jLaJ lilj tjLojlj ojaja. ,J AiaLaj^i CjUjUI 

m 1 —m 2 —m 3 =0 
m hw -m 2m -m 3m =0 :*JjJ 

^l,ua-^2,ua-^3,ua =0 
^1,H 2 0-^2,H 2 0-^3,H 2 0 =0 

m hpt -m 3pi =0 :u£jj^ 

"Vll-™3,cell =0 
Lllxa 2 te*' ■ - - o^A (j^i iaa3 CjjAjua 

jUl] tr caaJ! (jSJoil Jin-a (jjLaaluwi 4 d jLiill ,^fl AjK3I (jSJj Jjxx L-lmaJ • 
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™i =v\ P blood = 



M a1£1\ 



1200 



mL 

min y 1 



1.056 



cm 3 y 



= 1267-^ = 1.27xl0 6 -^ 



min 



min 



2jK]| Al£\\ Ja\iaJ ALU* JLwjJj • 

:3 j^SlI ^ 



m, -m 2 -ra 3 = 0 



m 3 =m ] -m 2 = 1.27xl0 6 -^-1.28xl0 5 



min 



min 



= 1.14x10 



,6 mg 



nun 



.oil 4il3£ 3 jUill AiK 

.Uj^LJI J LpUJl SjAiaJ jj^j! 
550 mL j L£Lk 450 mL ijl* jb s ^ t> 1000 mL J ^ J^ 1 



1.28 x10 s mg/min) ttJ 



10 



c^Sjll] oj^JI Jj J^-W (Oil (> (1.267xl0 6 mg/min 

.2 jLftfl L£UJI i> ^ li V .2 jliill maIj Lj^UI <> 100 mL jli 
(>« 450 mL j Ll>UJI ^ 450 mL <il Jjj lid j t^Ju j-ol! j_jjc ^jkWi 

AiJ J 50j l£L»JI L>o Ljii Aid! J 50 t> UJ^° s^j" 1 ls' '3 jl£JI (J Loj^l 

:_j 3 J#B AiliS jiS lil .L.J3L1I (> 



p3=0-5p cell +0.5p plasma =0.5 
= 1.061 



1.098 



g 

mL 



+ 0.5 



1.0239 



g 

mL 



mL 



t£ a! jJI Jj . 1.056-^- ^1 <^Ui! f J asK <> a^jS 3 jUl! AiK jj 
jliill Ail!i£ (« jLuij 3 jLj^I Ailj£ (jl 1 j > jUal j 1 jmYift Ljjj^j ^J^' J (jlS 
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v = ^ 

v 3 

P 3 



1.14x10 



6 mg 
min 



1 .(>M 



mL 



= 1075 



mL 



1000 



mg 



min 



J AJLji-a]l (_>^j (j-o j^ij .3j 1 (j^jL-JI oUj^fl jj^ljj L-iLm^ (jVI ^ "'^ *j 
L»_pL13 Aj^aJI ajjUI "u^ull j!j 82. 1 8 mg/mL <_£ jLau Laj!lJI (j£jjJI 

4 jj£ (jijj (J^o L-lLuiaJ 1 jLiill (jJJ JjJI j^JJ ijl a»* .<la]l ^3 55 (_£jLuij 

igjjj 1 jliill <jjj j_>JI 



< r =C 1 ,pX = 0.55 



82.18 



mg 
mL 



1200 



mL 



mm 



= 5.42x10 



4 mg 
min 



:1a j 3 jLii]l ^ * " il j^>JI ^ 



m,„ -m, =0 

l,pr 3,pr 



™3,pr="V =5.42X10 



mg 



min 



3,pr 



_ OT 3,pr _ 



5.42x10 



4 mg 



1075 



mL 



min =50.46^ 



mL 



mm 



(JjSJli dlV-^t-A 'J' nVi j 
: ( _ S A *u_ajoia all ^jSIIj .<lall J 45 (_5jLuii UiLiil Aja^sJI Ajjlall 4 i mill (jl (jl ima SI 

"Vu = ^ 3 ,ceu = 5.93xl0 5 mg/min 
C lcell = 494 mg/mL 
c 3,ceii = 552 mg/mL 

s-lLall (jV '1 jLl-JI ^ La^la __)j£l 3 jLljil J LlvLiJIj (jijj^)j]l Ijj^jJ (jj^J (jl (jS-a-ail (jx 

CAi oiA Jy£ljj t ( Aj jl > in *i jjfiljall (jl (_jl ) LjjJaau *-a (jjljJ AJLa. (j 

c(U>Li. ( _ s it (_J jiaj V) ^ii^a (JjLjj jA 2 jLilll (j^l .AjjLuia 3 J 2 j 1 Clll jLill 

j£1 Jill (jjS Jl I jJiij .l£UJj Laj^LJI (> <_£ ckj^A 3j 1 jljUiil U 

I— Lull '* (J-aLtJ I g L i»* i ■ ij^-oj^Ll J_aia ^3 <jj|j CllLi j^al ^^A LJLi. *U_ajoia all 
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^1 jUll ^ L jjL Jy£l Jill 



C 1>OT = 0.55 C 1/pl , M =0.55C 2>ur = 0.55 



:(3 0.5j 1 0.55) 



0.26 



mg 
mL 



= 0.143 



mg 
mL 



.(_! _ 3.3 JjA=»JI ^ji C±i.jJllj <ftjl i*« AijlaJ 3j 

Lgjoiij aIjjUIj 3 j 1 jjjliill ^ji aJ jla all cAl j^ol] aJj£1I jjaij oVa*-<s l-jLus. • 
: 1 jlilll ^a <! jJI La ^a .^ji.Vl tUl jLull Ujj t"n. A ^1 



/ »l, U r=C 1 ^V r i = 



f mg^ 
0.143-==- 



1200 



mL 



mm 



171.6 



mg 



mm 



.3 J 1 (jJjLiiJI C^l ^sa 4jiL] aJj£1I (JjaJij dlV^x-o C_J — 3 . 3 J _jAaJI (JJJJJ 

ALLi <j jl aJjU-o AjLjS Jl ^llaJ t 1 jLull ^a 2Jj£ Jiti l-iL^J • 

:1 jLulJ 

m l = m lm + m la + m lua + m IH;0 +m lpr + m lcell 
"V 2 o = ™\ ~ (m Um + m l a + m l ua + m l pt + m, cell ) 



m 1H0 =1.267x10 



mm 



mm 



mm 



m.6^ + 9.24^ + 19.8^ 

min 

s mg 

min J 



+5.42xl0 4 =^+5.93x10 



min 



= 6.196x10 



s mg 



min 



. 4.93xl0 5 mg/min : AiijULi 3 jlull ^a *LJI a!£ jja-ii c_l^=4j 



(mg/mL) JjSjjII 



5 jLiill 



4 jLull 
(jjjjjjj'VI 



3 JLjSJI 



2 jUI 
^a ^LS'JI 



1 jLull 
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0.16 


18.2 


0.13 


0.26 


0.143 




0.0032 


1.96 


0.007 


0.014 


0.0077 




n AT70 

0.02 /a 


UAZ 


0.015 


0.03 


0.0165 




0.0 


0.0 


50.5 


0.0 


45.2 


'"'t'/'jj; 


0.0 


0.0 


552 


0.0 


494 








[ m 5 / mln J 








S ,1 .",11 


A J .Ml 


3 J .Ml 




1 ,1 ,MI 




1 9 9 

17.7 


1 7 6 


140 


3? 5 


1 7? 




0.40 


1.35 


7.53 


1.75 


9.24 




3.46 


0.29 


16.1 


3.75 


19.8 




1.27 xlO 5 


692 


4.93 xlO 5 


1.28 xlO 5 


6.20 xlO 5 




0.0 


0.0 


5.42 xlO 4 


0.0 


5.42 xlO 4 


' - ^ V' J ^ 


0.0 


0.0 


5.93 xlO 5 


0.0 


5.93 xlO 5 
















1.27 xlO 5 


706 


1.14 xlO 6 


1.28 xlO 5 


1.27 xlO 6 


(mg/min) 
p all 


124.3 


0.69 


1075 


125 


1200 


(mL/min) 



3 ?; v.« .4 

jjjjiiljj^]! j aJ ^jiuiill AjjlLa (j^i — 3.3 Jj ^ SI Ajjj-o ^jtiill :e_ilj^JI (I) 

(Jj^oall jajj . 0.143 mg/mL cSjL^y J Uj\£jj jl jaJ AJjJI JLwjJj 

.(0.26mg/mL) oh u^j^Vl J) J».jj1 jj£ jj <jj4ij '(0.13mg/mL) 

^ jjSjill lj jlL ^jKl! jjjjII Ji.j U Jy£ ji J '(18.2mg/mL 

.(0.16mg/mL) ojj^ 1 t^- 3 
4 (172 mg/min ) jUjlj ^jKII AJjJI 2Jj£ (jajj Jjx» jiailljj 

20 J Qja> J 'ljjKII jjjjII Jj dcjij J (140mg/min ) <U ^ 80 j j?J 
60 jaj L»$i» jtj^j <-ya> jjjjiijVl c-ia^ (32.5 mg/min) iaisi Alall 
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jjjjI! J\ (12.6mg/min^t) a1»1! J 40 j JjJI ^ (19.9mg/min </) 4iaJI 
^„ iaaa 4lall 11.5 4j1SL1I <J^-£ ^ j^' <^ ^ jtj^j ,21 — -It .,j jKll 

.JjJJ 

t (6.20xl0 5 mg/min) J] JaJj» *L*1J kkl\ jLs J^a jlkilbj 
t ^ j_Kll jjjjII J] L_iAiJ ^-jali (4.93xl0 5 mg/min ) Lp- aUI ^ 80 J JaJ 

J .(jjjj—yj^l J] (1.28xl0 5 mg/min ) L$ia aUI J 20 

(692mg/min ) *L»1I <> aUI yi 0.54 < j^^Vl yi j .(5JjJI lS 
.^j-Sil! ajjjJI (1.27x10 s mg/min) 99.5 j JjJ c 

.^joiaJ ^a ^jiij AjKII ^jSI dUll aJj£ <U 99.9 i<Loa-»ll ^a j 

mj -m 3 —m 4 —m 5 = 0 

CjLfa£a]l Jj£ t^SJjj AjKII 2h<ll Jjajj Cj^^a-o (j-a 2J-ix^]l JLaxU lililLaLi 

(_JjLjjj jLu (JS ^a dlljj£-aJI (jijJ dlV-i«-o ^ J"7~ « (jl AjStj I ■ iaj iiljS ajj .Lpl^al 

a 

ll la^3 Jjx-a jLsj] AlaLill aJ^Ix^II JxxlaU lil (jjaajU ^lL aJ 11*) yJ£J1 (JjaJdll Jjx* 

i j 
.AjJ^tll ^tjLiill jj-a (jSjjll (J j > LiA ^J-ij -(^J 7- all (jjajjll CllV^a 

aojUu^i c&s>m a* 8.3 

4j^JUla1 <Ja g-Lo Aii_)la ^Liaj Ijl] t4.jj.lsJI - lajjl (j^i JJJ^ / j oJj^j^i AjjlxaJ^jl Ciilclijll 

Jc- ILLui Ullatsa ^jJt 4jjlj*]| CH^xa sSUj ,j Cj^Liill 

AjjUajSj AjjIoaiS C&l&lij ^jauSjj jJaj Ja. ^ I g tl ««". ^ La life j (ti^l^luiVlj 

L_LaJ C^LvaJ^JI dL^Lcliilll ^a J^U'H <]ji]l 4Jjl j-a CjV^l*-a JLaaluiLl s-^lll JjS .AjJJA 

^jiuuJI Jja2il j (stoichiometry) ^Uajiil JcliUI Jll»i Jjjs ^Lla l_iI*j1jI 

.(reaction rates) Jcliifl cjVJ«-> j (fractional conversion) 

^L^l <I^^ ^Sjl 1.8.3 

2 ajja all ^uLixuill (jjilia.Vl L-Lmj ^JjJ ^J'J^ ^JJ^" cr* yj^J"^^ (Jdidll JLlal Ajjlij 



223 



1l j , ; <tt Jcliilt Jll»i Ajixaj Sjj, aj*JI JjSII JilaaJl ^jlc ^jSj lAjjLLojill tl^lelajll 
^^jjooll jjxll Jk. ijj^ <bl*-« Lo c^Li^£ Jclil! (stoichiometric equation) 

JlfLol aJaI*-« AlLal (j<o . (Jclilll ^ liljLiu ^^ill gjl jillj Cl^lcliiall qa £f£ jl ClAjjjaA! 

C 6 H 12 0 6 ^2C 2 H 6 0 + 2C0 2 (1-8.3) 

laUa jl AjjS (j£aj ' " ua j Ajjljis (jj^J (j' tAA-ja-iua (Jcliol! (JllLal Alilxx (jj£i (^ 

jA ^J 1 '' 1 ? JS dlljj AAC (jj5Li LoAic Ajjljlxi AjjIaaj^II a]aIx-<i]I (jj£jj .Ajjj^ajxll A]j£]I 

eji 12 (^Jft aJaLlxJI jL (j-o J£ (/j^ c^LJI Jllall <^s ^ ^ a^ 

.Ajjl jlo ALU-all (jl Jl lAA Ji^jJ tjjjT* llsljj 6j '(jjJJ^ CjIjA 6 J ' (jja. J jAiA 

CiV j-aj aJj£ i a i <aj Jill JaliajVI aJaIx^i (jjj ja. j-o jjc. liDl^iuiVI j aJ tcAa. (jl j£aj 

Aila. La.aa.j_a (_jjlJ Iaa) '^Ig" 1 ' "* jl a] jjj (jl (j^-aJ V t j.^il 'nil j_g\ tdljill (jV j.^iI'itII 
Aajaj^a ialiajVI A]aL*-<i jja jA IaAj ( J' afljl IjlA ^ilxJ ,Jill Ajjjill lIlAcLsjII 

CjVaU-o ,J (jj^Anio LuJ lid^iVlj All jjll I la. '<_Sja.l AjaAj (j-o .AjKII A]j£]I Alia. ,J Lajb 
jjijj (jl (j^oJ AjjUai^II (jjilia-Vl (jV 3 jjl j aj£ (jjja.1 dlV j aJj£ ' ° ■ aJ ^^jll Aj jl yal\ 

aA+bB + cC+dD > pP + q Q + rR + --- (2-8.3) 

<^a A, B, C, D, P, Q, R j t (a) t>liill JH.I ^ a, ft, c, J, p, q, r j] ^ 

:AjjVI Aja^lall (J i n'l t^gjlxaJ^II (Jclilll (Jlj-ol L-lLuiaij . (Jcliill (jjljJ j " ' <_jAj cjtliill 

gjb J£] Aial jJI lilljj t A, B, C -- — j Jelilo Aial jJI AjjUaiIII CjL^jJI jlj • 

• P,Q,R - -i 

.^tSI ...3 t2 '1 J JtUoll ^ji aJjaj-all j.^il lxl\ jaj • 

j-aj J Jj-^J t j.r^lirll / JiaJ tlila. t J S-^J- 0 ^ JJ^ajc Olji AAC. j-oj • 

:/ jj^aic. Jl! a, I?, c, J, p, ^, r JcIsjII JH«! j>«j JLmlmU Aijjia aIAaa i s Jd • 
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a ^iA b^iB c ^ic dk iD \-pk iP ^ 
+qk iQ + rk iR +--- = 0 

• a, b, c, d, p, q, r 

(j! L-la-l AjU in i$ jLjJ Jclaill JljJ JJc (jl£ I j] Ajl Jia.Vj .Aja. j^i sjUij I— lli Jclidll 

*C 2 H 6 0j <C 6 H 12 0 6 ^ clkjJ\ »'uil jjSaJI jjSjkJl ^ Jcis Ji, ^ 
J^Jj cP ^ C 2 H 6 0 J^Jj cA C 6 H 12 O e jtj >j .C0 2J 

^j-a^j La .3j 2j 1 — j u jt* "'^V lj tjj^jj^Jlj jjjjUl j > A \c jpj .Q — j C0 2 
l_£ jJI) C 6 H 12 O e yi (1 ji^iJt) jjjjS cjl jj 6 ^.j2 AiV t6 csjl-y fc 1A 'u*l£1I 
.1 if jLuy C0 2 uj^J^ 1 ^ J- 1 ^ j '2 C 2 H 6 0 yi u*u^ ^ ^ j -(A 

• C0 2 _S q = 2 <C 2 H 6 0 J p = 2 <C 6 H 12 0 6 Ja = l ^ JdUsH JliJ j! ^ 

Ajjl jlall (jjJjSil J' aj& Alil*-« 111 

-afc 1A + /? fc lp + g fc 1Q =0 

-1(6) + 2(2) + 2(1) = 0 (4-8.3) 

LijT jjSlall JcliilJ a^jLLJI ZfA<*<<.\\ CLiltliill 

.S^x^]| <jjLLaj^l| dL^Lcliijil Ajjl (Ja.1 ,j-<i 
•ill AjjI j^JI Ajjj^JI AjjU^II CLlIcIsqII 

^lii jl^Lo Ajxaj t_ijj«j j .jjjj£3l cP^jj u.O'"^! i^Dljiail t(biomass) ajjj^JI 

ajjjj^j A-ajka j ^(respiratory quotient) o*&j2l\ a^uuj ai«^ A^iaj sx« {.US! ^ll^u.^ll 

(JtlLa J-li-juoJ t jj^. fijlc (JjjISj 
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n co 



rq = _^_ (5-8.3) 



Aui\\ (JLaxiail (j^oJ t^JyAajll A a ;» i a "Lajlaiall (jjS LoAic ^l) 3 all ^-jLLaJ^jl (Jcliiill 



4(_5ja.l <J>Ll ^ .1 jLjjj (jjiijj <liuii Jl La IjlA j 4(jjJj£31 ~h i n^l ^jilj (j-o (.(jj^. 

Aiui£l j^jlj (.qpj^. 70 (jV '0.70 (_5jLuii 4 jViinj (_>uijj Aiuij ( _ s Jc (jjA-llI L_l5liiuil 
ClAjjja. (jV l^A tjjuaa-l .(jj^ui^Vl 100 (JLastLail (JALa 1 jlnnij i*Ti (jjjjill 

i ,^.„A \ j J: .i„<fyl (j* eja. A*jj ^1 (jj^jji^Jl CjI jj SAjj l5J^ jjA^I 

L_L>likul <lLs. (Ja1 <jj^j <— a jj^ gjLill ^u.i'si (j« ^ i iii ill jIjLJI (jU lil -I «iall 

ir^l (jjiiij aauij Jl lS^jj Ia&j 'dilj-iiA jjj^II i . <M 'i" , al aJL^. <La ^JjaJI 

.JjaJI 



^ISjjU%JI <> L£L»J ja! 15.3 Jli»ll 

b i aSl ^Ijj ^jj^ Jl (hexadecane) (C16H34) (jlSjjlu&jJI Jj^j < ° ■ — jj 

:ajjVI JcliSlI aLUaj ujU^ 
C 16 H 34 + a 0 2 NH 3 p CH 166 O 027 N 0 20 +q C0 2 + r H 2 0 

Ljjfi-a (j^jjjll 4_Lmj Cj/jk Jtfj .Aa^Ull AjjJaJI 4X£1\ JLoj CH, 66 O q 27 N () 2q (jj 

Doran PM, Cy aJL^) .^LluSII Jclilll JllJ ja. .0.43 — j JcLaall Ii* 

.(Bioprocess Engineering Principles, 1999 

:ajjVI j^alixJI jjl jj Clique, L_ijSj t3~ 8.3 Atji^iII JlxxlaiLi :JaJI 
- 1(16) + lp + 1^ = 0 :(1 3*11) 

-l(34)-3&+1.66p + 2r = 0 :(2 >^JI) u^jj^a 
-2a + 0.27p + 2^ + lr = 0 :(3 >-^l) oJ^l 
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-l£ + 0.20p = 0 :(4 3*11) 

(JlfLal Aj^oi. j jjliillj jjauu^Vl j jj^ jj-Ii^JIj jjjj^ll) CJ^Ajlm xjjI Aaj jl 

AbL*_JI lillij tJjAK ^11 L-iluiaJ A^li. AhU-« A^La. a-«j 111 . a, b, p, q, r a] jg-^ * Jclij 



RQ = 



CO, 



= ^ = 0.43 

n n a 

-0A3a + q=0 

oYi*^l e^A t-Jjjjaj . (_L>ljLa]l jl j-al j£ o^cli jl l^i jkl\ i ^ II J) (j^aJjxllLj CjV jaJLall 



0 


0 


1 


1 


0 


a 




16 


0 


-3 


1.66 


0 


2 


b 




34 


-2 


0 


0.27 


2 


1 


P 




0 


0 


-1 


0.2 


0 


0 


q 




0 


-0.43 


0 


0 


1 


0 


r 




0 



iJLlojUI Jc-liill Jllal Jc. Jj-a^J tt-iiljLi Jl AjjU jq.^ll aJjIxaII JI=>.jIj 



X ■ 



a 




"12.4878" 


b 




2.1260 


P 




10.6302 


q 




5.3698 


r 




11.3660 



: JjL) AjjljILall Ajjllx-all ~ i i aJ tljl 



C 16 H 34 + 12.49 0 2 + 2. 13 NH 3 



10.63 CH 166 O 027 N 020 +5.37 C0 2 + 11.37 H 2 0 

V >a 24.98 A-aJ 4 Jllall (JjUju. Jt .Uo^ua Ijjl jj Ajjl jlo aLIxJI jl (jto^ll j^l j£»J 

i ^ bljic.1 t -),,nl Jclilll Jllal jl J] I jJaj j .aLU^JI Jji=> j^i j£ J j-jauoiSVl j-a 
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. Jjj3.ii]lj L^jj jl y j>J (j-^J ' A 1 '"^ a *^ J M J"^ M l3 "*"<"'Ll "ULoball si* Ja. (Jg_uiS/l (j-o 4jU 

■ '"'"j c.ia.1 jll LjjLaia (JcliUll JIj-oI Aa.1 ^l^jj ijc-lijll JLLaS/ laaj JcLij aJjI*^ 

^jJaj 1 15.3 (JLiaJI .LjJ 2 "ijVa A\ t"\\ s<.j«\\ Ltjj (_SJ».Vl 2 j_ajma all (Jclijll (JLial ^laa 4j]I 

.tilli ^ iUj JliaVI AjL i'n.A j d LijUaxi C 16 H 34 —j oflUJI Jtlidll Jia 

jlc.^ (jja i a£Vl j (!/l!La Luj^*)/!) (j^ JJ-^?^ J jj^ _J^*^) j^Li-a-o (jjSj La LJlc. 

(j-a (JjUSj-a (j a ■ ajj La ( _ 5 j]I <JjjaJI Ajjl_Laj£ll ClLilc-liiill <j ClLilcliiia <L^aJ o."ja.j^i ((jja mSVI 
. AjsI > "il <U."lx-a (jjiiiill 4 im'i j3 jj j . (jjaj jilj < (jja i jl 4(jja.jjJuA t(j_aJj£ :4jljjYI j.^iI'itII 
^ j i n*i j c(yield) 4j»A"uVI ^ j (_£ji.\ Atal*^ __)3jj (jl (j£^j 1 ■ «aj LiJjjaj (jJjj "Lajii <LaJj 
^jit (Jtlila jl t lill^luiajl jj£jlx]l jl^La (jj£iall (_gj» "itH ^jlill jl^La 

jaUj Ij^-a) t(j_aJjUI 

(6-8.3) 

(Jc-liiLall CjV .lit j j, l-»'l ^lill tllV j-a .lie. Hp j tAJiAaiVI (_jA J (jl llua 
jl t jj£jlxll (jj5Li 1 a i'"*- (gjLuaj^ll (Jtlidll (Jl!La1 L-lLuiaJ 4ja.tjj*)'l (JLaxiail (j^aJ .(_£ j' *a»JI 
(_J j' jaatll gjLill JLia. _jll (j_ajj£ll jA 4(j_jjj£ll 4jjaa-a3l < " "M d adajl (j-a ojJt 

.(jjSiaJI 

(j^ulll ^U-j 16.3 jmi 

jlj jjxj £iaJ AjxjjL AjaSLi. oJlLa jA (citHC acid) (CeHgO?) (jj-aJll (J>»<11 :4jluLS 
(_£ (_J jja (JclLa iAjjIic. CllliLjal I »*' ■ aj LjJLaalluiV tU&l u^i l^.Lljl (j£-ajj 4 aa laVl 

:(Asperigillus niger) (ja*II ^ 
C 6 H 12 0 6 +a NH 3 +b0 2 ^p CH 179 N 02 O 05 +^ H 2 0 + r C0 2 +5 C 6 H g 0 7 

ii.1 j (Jj-a (j^i (jj ajlll j'"" Aj^Lijl (_5jLojj j t0.45 (_>uijj]l (_^jLuij cjclidll IjlA ^ 

• CH 179 N 02 O 05 ^ 2Lj^l yjSB Lai .0.70 A\'^A jjSjUJI (> 
:"Li*VI <jjl _al»JI j^aLuJI CsV^Lx^ i— jLj£j t3— 8.3 2» u^ll JLaxl^L : JaJI 

-6 + p + r + 6s =0 : u_-jj^ 
-12-3a + 1.79p+2^+85 =0 :u^jj^ 
-6-2Z*+0.50p+^ + 2r + 75 =0 -oi^ 
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-a + 0.2p-0 

ijjAillI (j^Lxi^. ja ^UjaVI ^jj^j* (jjjjaxl) ^ jlullj . a, I?, p, q, r, S gjA 



RQ = 



l co 2 



= - = 0.45 
b 



n. 



yield = tC6H8 ° 7 =- = s =0.70 
n 1 



0 


0 


1 


0 


1 


a 




1.8 


-3 


0 


1.79 


2 


0 


b 




6.4 


0 


-2 


0.5 


1 


2 


P 




1.1 


-1 


0 


0.2 


0 


0 


q 




0 


0 


-0.45 


0 


0 


1 


r 




0 



X = 



a 




"0.196" 


b 




1.82 


P 




0.979 


q 




0.821 


r 




2.62 



C 6 H 12 0 6 + 0. 196NH 3 + 1 .820 2 -> 0.979CH, 79 N 0 2 O 0 5 
B +0.821H 2 O + 2.62CO 2 +0.70C 6 H 8 O 7 

fcj 4JjU-4 Jfrliiil <IjVj«-4 JUxlu.1 2.8.3 
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C 6 H 12 0 6 ^2C 2 H 6 0 + 2C0 2 (7-8.3) 

^liij Jjjllij Jj IJ£ Jj=^jj 'jj^jII pljj jj^jliil (> 100 kg/day o^J^ 
200kg/dayj C 2 H 6 0_SI <> 200 kg/day ^ ^ j» t> -uj^l ^ 

c2JUJ ajfina A^i jiiiall jl (j^aljjalj .ojlaSI (j-o 100 kg/day <_£ jjj jliiaSI V <S XII 

^LXJI <M 

m,. -m. =0 (8-8.3) 

m=m= 100^- (9-8.3) 
J day 

. 100 kg/day ^ jl^y jrj^J' J 2Jj£]| jaii Jjx* jla 111 

jj£ jkll J j-all Jja-iill J^x^i L-lioiaj cjjj^all (j^i Jil £ jiJI J AJjill Jjaij J^xi b la^S 

:5-2.3 *H*-S ^ jiu-ll JiJJ 



i ,C„H„0„ 



l i ,C,H„06 



C„H„O fi 



100 



kg_ 
day 



mol 
180~g 



1000 g 
1kg 



= 555 



mol 
day 



(10-8.3) 



(Jcliill Jlj-ol (jl ' . 'f J '2 ^jlVi/^l (jj^jliJI (jjJ^j-all JjaSI (jjajjSI (J^*-a JjAajS j 

,iu.i^i ^jIj] 2j Jjjli£U 2 j Oj^ 1 : ts* J^UjII Jlij t5jLiJI si* J .a* _jkx 'A,*<W 
2_*j]iiJ Jj JiU jjSjkll j> 555mol/day —II J^ ijj] -o^u^ 1 
LjLaa. jLoj .Ojjj^l! AiuiSl jU j> 1 1 10 mol/day j J ^liyVI <> 1 1 10 mol/day 

.5-2.3 ALU-J JlaxiaAj J jjliiYI <1S (JjiSj 



m j,c 2 u 6 o "y.^^o^^^o 



1110 



molY46g V 



day 



mol 



1kg 
1000 g 



51.1 



kg_ 
day 



(11-8.3) 



. 48.9 kg/day (^jLaiJ <^ill (jjJj^SI )uX\ 4jj£ (j^Jj J.1*-<s lg 4l)jJalljj 



230 



^jLaii ((j_»Jj£ll 1j . a£| ^Ijj (J_ajljjVI u"'^ ^ J"? ") <LajIiLall (j^i ^^jll 4jl£ll Ai^]l (jl 

.(4.3 Jj^JI) lOOkg/day 
.4 SVi^ n ^ji*^ L -'jj^ jjS^JiSt :4.3 Jj-i^ll 





/ =0.5 




/ =1 




( kg/day ) £ _> 


( kg/day ) JiJ 


(kg/day) 


(kg/day) JiJ 




49.95 
25.53 
24.42 


100 


0 
51.1 
48.9 


100 




100 


100 


100 


100 





lillc- . (Jcliiill (JUJ ' ■ bail] 4jM£^i 4j1 jxll t j '■■•*' cjclidll JlfLal ' ■ b-nlj SJ ja. j^i Ale liLall 

. JcUoll Jll»L j'^o ja La-a Ja! jl^iaj bja. jjfLi l_i£j-<i jA (limiting reactant) jj»-»1I 
^ jjjj jj-^ Sjj^j-i oj^ <^ (excess reactants) -L<ajlill c^leliiall \J j 

cg Sju JelsiiJI LIS all (Jclilall t*llgjj lila .Jtliull JliaL - jA La 
US ^ U yju V 4*Uj &t5 jjJa-« ilftlil. lJSj* £l£ |jj <U? jaatf .4jJajUJI C^lcliiall 

j^jj £Sl jll .LK lill^la^ (Jcliiall (Jl (jiljial jA AjuLill clkkVl ^.1 j] 

4 ■ ajl ill Cj!Ac.Lila]l £J<aa» j £Cjl jilt iUK &a all Jcliiall ijfcLjU 2JU. .lilli J y ~- 

^JA-\ j gjl _aill (jj^J tUl£ 1 la all (JcliLall liDl^iuil "ULa. ^3 j . (Jclijll (iLjjjl _ja. j-a 

njcliiill 4JI J' aJ (_jill j^Aall ^jit I^LaJC-lj . (Jclijll glfrijl ^XJ oJ_aa.j-a CliMcliLall 

4 alia a jjjlLaJ (Jclllll pi ^xj ja. j-a CliMcliLall 

Jixjj .^Lixuill Jtlidll 4jlj Jj-oj (^ill ^xall (reaction rate) (R) Jcliill Jj«j> i L^aj 
J p\jkl\ Jla ajjSlI Cil^-j JLaal^l jjlj jl :AJaaiU) moles/time — j Jcliill 

(j^i CijIj jA Jclijll (J^x-aj .(CiMclilll LlljJa. *L£l ^LaUll 2JU1I ^ UlL-a SjJll 

a * 
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13 — 8.3 (jjjtala-all (JLoxjjjAj ■ ■ LmaJ jl gjHuiJ jl ^ LmJ (jl (Jc.lij]l J^xaI (j£^jj .Ajltlidll 

J j» 15-8.3 j 

(JcUij a l_jL_aJj 1 j ■ "«*' i*i*Mc-.1a*^tt La$j3 (jJ*Lj) lX'^*' '(Jc-Lijll (Jj*«a ~Jg °" ^ ■ '— 

(jl la i3 (jjc-LVI 4<C.Lai ^*Jj .4_uiii Cj3 j]I J (Jtlidll (jj^UVI dlLjjJa a Iajj j .LaAAa.1 

s-Uyi J Cj!>lx.lil<JI jjax^i Jjj t jaa all j^J flj^l J I ' uSj C£lc-lila]l (j^s 1.1a. <Lla Jjila 
pUyij (jjjisll Jclilll (j* Jc.1 jia-all Jc. (_g jja A s-Uyij (jjjiall Jclijll Jja-o J\ .ja-VI 

J t "i.*3 jj Jll Ajltliill - kill J Jj-aaj V .5-3.3 <LaLill 4jLaUu31 4jjl jJI <taL«-a j£i 
2 \ J3a all 4-jL aliilll 4jjl _j-oJI <lbL*-a (jjSj lilj i^ajkiall J f^'j^ £-kLall liA 

• l^g& ajq'u.i.all 

*in-*out+* g en-*co„s=0 (12-8.3) 

J JjJJj lillfrluLl (jl ' , (j^aj^ jialall (j«i>i .iljii jl (j| (jja-a ' . l£^a3 

^LojaI (jc. b.Ijtj "ULall ojlA (j^l iAAuij tlli j]l J S.l}xl« AjjLiajS CxMc-lij LjjS J - aaj <La jlaia 
(Jlo jA O s (jj ' - Ua 1 jA .lalj ia. J la-a liDL^iuiVI j jill lia. - ■ aJ j ■ lljall IjlA 

La Jj l(J s < 0 LlcLiLaJI (J^aaJ La J Lai . (Jclijll J-lx-a jA 7? <jl Laj3 5 L_£ja]I (Jclij 
jj£j]x]| jlaj (Jl!La J . (T s = 0 '(J-al jaJI |_yaij La J j i O s > 0 ' (Jcliall gpljj (J^tnJ 

(^jLoij C0 2 — 1 oaUJI a s j '-1 c^jLjj C 6 H 12 0 6 — j (_>aUJI a s <j]i <-LajT jjSlall 

.+2 

(J-aLuj3l (Jjbt_a]l (jc. (j^al «J 1 aJ t J ja (_jj:LuiI Jc (Jclijll AjLaC. (Jjlaj 1 <jl Jl I jlij j 

(Ja.JI a lia j ejSluia <jlclaij A-ajiiia (Ja.1 (j-aj . fl Jj^JI (3aJj]l (JjUoaJ *P Ajxjoj jlill Aaj-aliil 

s 

:s j-^ 12-8.3 aJjIxJI 
+c s R =0 (13-8.3) 

jl all j (Ji.lAA]l oJA«Aa S-a jiila Jc. (Jxiuii] 13 _ 8.3 <1^Lla1I jxLaxJ (j£^iJj 

Z" ( , s -Z^.+Z^,A=0 (14-8.3) 

/ j n 

. jLvaj£]| (Jclijll Jl jjjjj JJj jA n (jl 



Aa.1 j ^ja.j Ja.1 j Cj|j 3-a jkla] _/? JcLiill Jix-a 13~8.3 <ljU^ll ejlcl J=«J 

:JVI£ 
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n. —n 

R=^ (15-8.3) 

-° s 

AjIj^JI A^^kj AiiJ dlV-la-a ^ i lUa (J at* 1 11*1 t<Aj cIjjIj i? (jj-^i '** "J^** 1 *^ ^ I \,"* * 

.*U mJ ^IiISl _/? ' . Lui^Jj tl jkt^-i fl j s (jl^ I LjK (jaia. (ill^lmt lilj 

(^ill s JcIslLJ! JjLo "Luiij ja Jc-Ulal (fractional conversion) (/ 5 ) ^r^u^l Jjaoilj 

cs it LiA /" 4-ajii l_jj*J j ."La jlaiall Jl JiUI S jj-a ,_KJ1 jl^Lall Jl "La jlalall ,J (Jc.L£"j 
iaiia ■ ^ll^j , i/i Jc-laLall ^jl (j^ajjijj j .lajj <Ji.ll "Lllj^JI CllV-la-all jl dlV j-aJI <jjiLuiI 

LaJ <LJ jaII CjV Jx^ILj 4i jj-a j^i "La jJala J 1 j > *aLjJ ^ luull <Jjiill <jC jaxjj . ( J jij V <_jl) 

fj n —n 
f = ^^ = ^f ^ (16-8.3) 

n i,s 

iajUll 'M <* ■' H Jill lillj qa jj£I 11a all (JcliLall ^luiill (Jjajll "Lajij <jjSj 

: CJ j J anll J^jJ! aJV^j Lj=J R 4jL& j^ajj 
R= '' sJs (17-8.3) 

: 1 J» ■ all "Lajall (jSa-l ^ill liilj 4_j| Jc \ u "-iLjj Jtliiall i_ ilj«J 

(18-8.3) 



jL^JIj .JjJI (jajsll J^-a Jt 18-8.3 J^ 13-8.3 oVjIxJI c^jiLl 

JLaxioL <£jLLa CjVjLi" 1 1—3.3 A-J_>J=JI Ajjl j-all °LbL*-a lLaJC.1 jA jiVI 

H ? <_J jiYI <— ll jjilall J f s J R <-«JJ*J lSJtS '<JLaJI olA ^ j CjY jaJI (j-a V^J 

.(Jcliu J jAi. a ■ lajj AjLalSj Ajjlj^i Cj^Ajla aJC£ I ■ iaJI (j£-ajj . H ? (j^i V^J 

50 (_5jLuy ^ linl II jj£ jlill JjaJj (jl (j^ajilal tjjjljj] Jl JjSjlxll (JjjaJj AjLaC J i!)l!iui 

:_/? (Jtliill Jjx-a (jjSjS .Alall J 
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R = 



n i,C 6 H n 0 6 f C 6 H 12 0 



'555 mGl ' 



0 _ V 



day 



(0.5) 



-a 



-(-1) 



= 277.5 



mol 
day 



(19-8.3) 



A £ya iS-^ jj£_jIiJI jl^Lo LJuaj tjjajll Jc. ll la II ball li& 

: jj£ jliil 1 3 — 8.3 AjLblijll 4jjl j-all 4jjlx^i JlaxlJj 



^<,C 6 H 12 0 6 ,C 6 H 12 0 6 ^C 6 H 12 0 6 ^ ^ 



n,. rHO =555 — + (-l)f 277.5 
'.W> 6 day 



mol 

day 



= 277.5 



mol 

day 



(20-8.3) 
(21-8.3) 



:^h»j (jfill cs4ij?JI ujj^ JLsxUj 5-0 j hi all j>4 a^jUJ AJjSII tj.nVi j . 555mol/day 



^,c 6 h 12 o 6 = 49-95 kg/day 



^ i -,c 2 H ( ,o = 25 - 53k s/ da y 



™,,co 2 =24.42 kg/day 



JJC. jhiall (jx gjl jiilj Ci^ltlilall (j* (_j£ £ jaj 4<4jLuJI <JLaJl Ajl 

^ 4h^i. <M J jki .(4.3 Jj^JI jtsl) lOOkg/day JLu aJUI e >H 

.^J m ill (Jjajll jl (Jtlij]l Jja-a ,jC. jhjJI 



jjS jlill uislSiu,! 17.3 Jlidl 

4jj-oJl]| ojjJI aSajji * ji Jfijj (_5j^l jl_j^ij ^!/Lal j dAjj£jaij AjIloI j_paLa^l Jj ^ a 1 '-»» II 
dlLjj^jaJI 1 ■ «* 1 al ^tlajj 4jlaJ (_gj"iiii<i J < . lSUIluVI J. aaj S iViA, UMiJI Jl 

Aa. jj .ClLajjjVI (j-o JJj£ J) ts-Lo jj> ni^Vl Jjaj j 4(jjjj£ll jlj J] (_5_jiiJI 

Nelson and Cox, Lehninger ajjj=JI *Lia£]I J cjLLxll oia J^Uj 

jl jjc. .1-17.3 lK^I J I jhjhVi 2jji» ^Principles of Biochemistry, 2004 
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i (adenosine triphosphate ATP) au>^Vl cAi^ ja j^W oVi^ 

el jj ^jlS j ^nicotinamide adenine dinucleotide NAD) ^Lnj jlull jjji si jj j 
.Jjkjll liA Alalia CboLi] (flavin adenine dinucleotide FAD) jj&Ull j^i 



jlu. olijja :PGAL 
jjjjjjVl CjU^ ja <pt3 ;ATP 
j jS jit J^^j^ sljj ^Ij :NAD 



2 ATP ► | 

ujliujjill ^lij— 1,6 — jjJ^ja 



jjjjVI jjaSli :l jj ^Ui ;FAD 



^jS^jL; 2 ATP" 
2 N AD 1C 



2PGAL 



-> 2 ATP 



2 NAD re -«- 



-1~ 



2 CO, 



2 acetyl-CoA 




->4C0 2 



r 



6NAD re <- 



-> 2 ATP 



2FAD,. e <- 



0 2 -*/ 




-> 12H 2 0 



iu^UJI jail 



-► Fi complex 



-> 32 ATP 



^jjiai ^imu atp ujjSj; 



• ja^JI .ajili ^ jjS jkll i_i5tifcj jU : i -17.3 JiAll 

Keeton WT and Gould JL, Biological Science, 4 th ed. New York: W.W. Norton 
and Company, Inc., 1986). 
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4 




(J^xaj (C jAiJI (_g jim all jj£jlxll jSah (J£jJi ( _ s ic oJj^j^i Clll jjj^ll (jl (j^ajllal 

i^A ^ J^ix L 7 j J a^l .(jljiaiU Sjijia (jja^Vl t> 200g/day '200g/day 

(jja. jjAj^JI j (J-ix-a L^ajl .ojj^lall (_J AjjjlaJl £tj| jjll j (jjjjill 



:JaJ 



(jjjj^ll Clique, j Ajjjliill (Jc-lidll jjj (jjjj£]l ^Ij (Jjlx-o Aa. (I) 

^1 LaA J^.XVl j jjSjliJI jl jiy tl — 17.3 (^it :.kki-a]l 

•(m - 17.3 (J^ mil) (jla.jiJI LaA s-Lall j (jjjj£ll .Ijin^l (jl J tA-Lmfllj 4-liaC 

La (J£ - > aJ La-la all j ' ■ l)I Sj ■ "I lg-j3 J' aaj L£/Li. 4c j^a a Igjl ( _ s Jc Aijx-a "Lajlaiall j 

• (5.3 (J j ^aJt) CllU£j-a]l Jj£ I— iLuia. gjjtij (j-ajiJj] (J j-la. (JaT*imj :<J j la II (dl) 
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: CAjuJa j3 (I) 

UMiJI ^ji j^. j-o 4j_j1Ixxi]I i - iM c.) ill] <La j!iUI ■* laAm jll ClLajJjYI j ClLjj^all • 

ajSluLd "ULa. <La jJaiaJI • 

. (Jc-liCiJI LIS .4^*.,„j vw J Jcliloll • 

.mol j day j g J^*iJ • 
.^-ajliiJI jj^jkll qa 200g/day r^LuVl (di) 
4jJ ^ jkJI ^ks>l^\ fj\ <tal*- :Jtlaill (^) 

C 6 H 12 0 6 + 6 0 2 ^ 6 C0 2 + 6 H 2 0 

L-lLma. .3 

:4-a£La 3-4.3 <bU-aJI c^ii^io aJUI Cjjl£ Ulj .SjfrmJ 
' j 

AjC£\ 11-6.3 <bl*^]l JLaaU LuSLal tAJia^ia Jtliill ^ AikUl Cljl£ La] j 

IjjjluVI all j ijclijll jA*-aj Aj]j-a]l ClV^*-a]l j &a <J (Jc.1 ilall AiAaj]j 

< — — I 1 (_5 jij^JI 4-aj£]l jj JcliiaJI = &a all Jclilail 
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4 jj£_jliJI (j aij La <_j^J .4-o_jJaia3l ^^JcliLo (jjj (j^ i la all (JcliLall (jc. Vjl ' "'^ y • 

kg 



200 



i',C fi H„O fi 



day 



1 ;,c,h„o„ 



M 



180 



g 



1.11 



mol 

day 



%c 6 h 12 o 6 



-o 



C 6 H 12 0 6 



1.11 



mol 
mol 



day 



-(-1) 



: 1.11 



mol 
day 



Jj^aaJa 1 6.25 mol/day Ja*^j jiuJ! Jijj ^iSI jja . ^bu Jxij j 

«ll (jiLajall (jjj (_g jt i <n\\ <-ojS1I ^ j 1 1 .04 mol/day t_ il . n-s II A^iij 

.JAa-all JcliaJI jA jjauoiaVl tlil jjauoiaVl j jjSjkil 
JT jaJI ^4 jjaua^Vl (Ja*-« jU 4 Jclijll ^3 Ui£ i^lfl'mj AW all (Jclilall jl I jlaj j 

ijclidll (Ja*-o (jj^J iilli ^jit . IjL^a (_£jLuy 



i? = 



ft. „ -ft 



7,0 2 



6.25 ^ -0 
day 

-(-6) 



= 1.04 



mol 



day 



"j,C0 2 =ti j,K 2 0= C S R = 6 



1.04 



mol 



day 



= 6.24 



mol 
day 



.eUj ojJj^' cs^^ t> (> 6.24 mol/day jkiJI gj2 (jjj 

JJC. jj£_jlc. ^^ic. £^)iJI jIjj (_£ 4 ( _pajlill (J&liiLttll jA jj^jlil! (jl J] l^)Jaj 

IojIaLg (Jtlila 



"«,C 6 H 12 0 6 ";,C 6 H 12 0 6 + °C 6 H 12 0 6 ^ 0 
"j,C 6 H 12 0 6 =n i,C 6 H 12 0 6 +<J C 6 H n 0 6 R = 
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1.11 



mol 

day 



+ (-D 



1.04 



mol 

day 



= 0.07 



J 



mol 

day 



m j,co 2 ~ n j,coM C o 2 — 



6.24 



mol 

day 



44- 



mol 



= 275- 



day 



a jj£ J^x-o (_5jLuuj 1 1 12 g/day ^^iJI ^ s-LJI aJj£ iJ^*^i ^jLuy cAjLLo j <_ s ^ t j 
.US (iSl^Loj ajV gyy 1 ^ ^ j^iall ^ Vj '13 g/day jjSjkll 



Z^-Z 



m «,C m j,C m i,C 6 /C 6 H 12 0 6 



= m. 



i,C 6 H 12 0 6 



Af. 



200 



day 



72- 



mol 



180 



moly 



= 80- 



day 



31S l_iL^ jLaJI t> <j| ^y . jjS jliil jjjjSll A^uii ^ C 6 /C 6 H 12 0 6 oj ^ 

S — 'nil 3 Jix<a L-lLma. ^ la«J ^jja ■ a^Vl j jjja. jjjjgl] j> .ajaJI 4jj£ Ajjl ja 

■ 307 g/day us^Vl aJU. ^ ^yWij 13.4 g/day (j^jjA^il 



^ mil 



• 5.3 Jj^?JI (I) 
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OT ;,C 6 H 12 0 6 ~*~ m i,0 2 m ;,C 6 H 12 0 6 m j ,C0 2 m ; ,H 2 0 

200 -i- + 200 -i- = 275 + 1 1 2 -i- + 13 = 400 
day day day day day day 



.^jlaJI t-^laiutfl ^ j^jUslII j CJlS jA JjS Ctf Jjh :5.3 Jj±?JI 



(g/day) e>» 


(g/day) JiJ» 


t_i£ 


13 


200 




0 


200 


o 2 


112 




co 2 


275 




H 2 0 


(g/day) jr >fl 


(g/day) JiJJI 




80 


80 




13.4 


13.4 




307 


307 






: jAx^JI .^li^a jl$a. ,J Ail wIjV *li ja. t_sLll ^ cLSc :t— 18.3 JiuJI 

Nyberg SL, Shatford RA, Peshwa MV, et al., "Evaluation of a hepatocyte entrampent hollow 
fiber bioreactor: a potential bioartificial liver. " Biotechnol Bioeng 1993, 41: 194-203. 

±>£ 18.3 Jlitfl 

Lj j-oVl ji^'jJ ^ '"■ j t aLjaJ J-lgJ 4 alia a CIl^ £ « i ■ Uuu (jl b£ll j j ■ ">'«1 (j^-aJ :4JLuls 

J-al jcj (albumin) jxo jJVl objla^ ^tiajl j tL._pLJI (bilirubin) (jjjjjJjJI j 

4JLaxa^7 (l _ 18.3 .all) *U jail i-jUlVl (j-a pLSc. jW^- -J "' S-^JP ^ J 
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ajjAll CjUSj-all A u nr. VI juaj j .Aj.}j£ ^J^-^- ' aLJVl (JJJ La A-aJ J £ JJ» ■ all Ajiilll Aj^r-VI 

jj-jj t(4jcliall tiibLjaxll j L^UJI £xaa. (^l c 1 00 000 g /mol t> JJ^I 
^jajuJI j cjUijj jJI (j-o 1 100000 g /mol u-o j**-™ <«* s jj» > oLSjaII 

jlfrsj [>« (-iUlVl ^ » ja^ai J j| jJI £ j^j j .AjJj^I! L£UJI ^^Ic <_£ jia_s ^ill jjaJI ^1 
(Jj5 j» AaJUt^ (Jj-a^j tAj L^LiJI Aa.Li^)]l (JjiavIj La-Ajc- j .(_£_)i.l Aailx.a ^l (jjAj 

. (_paJ^a]| a 

(J^Al .^j^aJj-aJI a i jl^aJI (j-o Aa-jliJI Aa.L2^)]l (JA«_jjIVIj (j;lJj Jjlull jj^jj .2.1a. 

*^a. ^JLyj . 20 mL/min Ai« AaLijll ^ j^jj cl50 mL/min jl^aJI *.JI 
^gjjudjll aJ^j t^jl-yj ' 10|ag/mL Ja.UI jjjjjJjJI jj£ ji ijju^j . 500 mL jl^JI 
^jUiij <■ 2|ag/mLJi.UI jj^jJYI J-a^ jj^Jj cs jL-yj -Alall 83.4 jWll 

. 5g/day jWJI ^ Aj^ill l£UJI Jj3 (> Aatijl 




V, = 150 mL/min 



.1 



(Ji.A« jl^aJI ^ ■ia.JJ .Aj£1] iajaU^ ^ jj^iil 1 UU^ * i— 1 — 18.3 (J^joJI (jJJJ * lajaa all ■ 
IjIjj ^<uayj .(3 jLiiil) lSJ^-VI jIjaII £-Laa.j (2 jLs^l) A_a.L2j]l LaA (jLa. ja_a j AaJj 
.(j^ajj-aJI ^J*J (4 jLf^l) Aa.lj jlij Ut-o ^_)iJI 
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0^-2 

: dlUjJajS (I) 
. a-lll diLj j£wo JA I JJ jlfraj ^1 jj V • 
^ jjjaj-o dllj j^rfill ' ■ u£jp ^ji j»jJI j^i (_£ J^-VI dllj j^ail jj£l JJ till jjxj JJjJ V • 

vjj. JJjl.'.' J (^.Ujjj) U> j^Jj Li^jk ^^Ic. <Lo jiaLall ^ ojj2lja]I SjLall (_£ jjajj • 

laSi jja _jJI j 

.3 jLuil ^ (lW- 0 J^^J vl)J. JJjl.'.'^ C^-°) » JJ* ' *"* ^nj ■ u-^t ja. jj V • 

.2 jliHI ^ ^ V • 

jj-ajjDU ^jaJI jjjll ^jLoijj 1 474g/mol (JjjjjjIjjII (^IjjaJI jjjll <_sjL">j • 

.66000g/mol 
jllj jj-oj^lj Ol jiil^ll (d) 
jjjjjjjj :bili • 
j^jJI :alb • 
. mL, min, |xg, mol Ja*2J • 
j! Ji\ Ijiuj .lSOmL/min^jL^ J^-JI ^ 1 jliiil -.qAJJ] 
• 150 g/min lsj^ <Ji.jll J^ximj < 1.0 g/mL^J^ <s ^ 
jjc. 4jjLloj£1I . jl^JI ^ jjjjjAiJI lill^luuj tjAajJV jij : Ciiltlij]! 

(jLliaa * I 3 (Jtliiill (Jjulaj ^luull (Jj^jll Lol c4j^I JJ-a al la* a 

I— iLuisl .3 

2jLjalaill 4jtJj-a]l jU iAjioj (JjL<al j3 fiJCj l_jV"j*-a]l j3 jJ Jl Ijiaj I jUlaII (I) 

jj^jjJjJI (j^aau CS^Ajuc <a.U. .A-ajXall ^-A 5~3.3 A±j£J1 4jjl ja <1jU^1 

< ^jjjaiai La jic. jlij^ all jljA . (jj-o^jJVI j 
C1iVa*-<i ij ■"*"'' 'u^J"J^ (J fc ^ (J J' I jiaj j tSjSLuLa "ULa. ^ <Lo jiaiall jl 

:2jkliall A^jialallj A^aUJ 13~8.3 aJjLuJI JLaaaJ UjIaj iljj .4jjjJI Jjajjll 



242 



IAJjIx^JI J nt'li ill t^lmjll JaaJill jLaj'Vj 



2j 1 oijUl! 



"i,biii-«2,bm+ CT bm^ =0 



Ji.JI o jj^JJ LuV JJJjjjkill Ji-JI ^ j-all (jijjll j!lx-a .lUJ 1 "< aj 

Jj-all jj^Jjll el .is. J^aba. jLuJ gJ^ail ^Ull Jin-a jl£ Lai j . ( 10 (J,g/mL ) 



«l,bili =" 



bili 

= 3.16x10 



10 



Hg 
mL 



150 



min 



mol 

474~g 



10 6 [ig 



-6 m °l 



min 



:(Ala3t 83.4) u^jj^ll 



/ = 0.834 = 



R l,bili W 2,bili 



3.16x10" 



mol 
min 



— n 



'2, bili 



^l.bili 



«2, b m =5.21x10 



3.16xl0~ 6 
_ 7 mol 



mol 



min 



min 



- iV v ioVg 



m 2,bm ~ n 2,bili^bili — 



5.21xl0" 7 molV474g A ^"" 



min 



mol 



v g ; 



= 247 



Hg 
min 



f 



r = 

^ 2, bili 



m 



2,bili 



247 



Hg 
min 



20 



mL 



= 12.4 



mL 



mm y 



jjSJj J.l*-a ^Lajy .(4 jLuil) (J^J^' ("""> t5^i f - ^' (J^ l*-a 3j 2 (jljLjdll ^aja-l 
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4 jj£ jjSJj (J^*-o (jj^J (jl 1 . '7-,' '3 jLdl ^ Li.'. JJ-'l-'.'^ ^t-i*jl '^>^jj ^ ■ -— ' ; 

2 jLjjII ,J lillil LjjLui-o 4 jUill (J jj.'jjjl:.'^ 

J^LJI J J\ Ijfcij .aM Jiliajl Jc. (m 2bm =m 4bm =247ng/min) 

(j^ajj-all (j-a ^jLiJI t ^aa-aj (jjajjll "^Aa-a ^j-a (jl i_ijxj ^^Ic Sail aj 

^jUJI (jjjjjJjJI jj^jj i-Laa. ^^<y Ala j . 150mL/min lsjIjoli aJI Ji.UI j 



r _ m 4,bm 

^ 4,bili 



247 



min 



150 



mL 



1.65 



mL 



min y 



Ajlcliiill <La jlalall "Ujla-a .3 jLi^ ^.Hn Ijl] 1 1 i jaj) jjij-a *(_£_)a. jA (jj-ajJVI 



n iMb -n 2Mb +o ab R = 0 



AAjqjjl tig uiflj (jjjjjjljjl] tilt J> l_iLuia. Aij_)iiJ (Ji.JI (_gi j-a]l 

.4.54xl0~ 9 mol/min 

^ jia JJ^U ^ (jSjjil J^x-a l_lLuia. 1 ''•'< aj IjJ c 5 g/day (Jclajll Jjxx i^jLuy 

:2 jl#H 





r 1 day 


f 1 


mol 


I dayj 


v 24hr J 


v 60 min y 


^66000 g J 



= 5.26x10^ 
min 



n 2,alb ^l.alb 



+ c alb i? =4.54x10 



+ 5.26x10" 



mm 



mol 



mm 



= 5.71x10" 



mol 



mm 



4 j;La jjVl All _oj1 Ajj! jla gjLfajS (Jclij Jllal (id j <taU-a AiJLaJ ^Jc I jkj <jl ia.V 

.C AMb = 25.1 ^ig/mL j ,C 2alb = 189 jag/mL 
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z 7 f<\\\ .4 

{A\ jLjj c5jLuyj 4 12.4 ug/mL A^Lijll ^jjjLjII jj£ J2 ^jLau :<sj^Vl (!) 
aa.U3Sj!I ^a jj^jJVl jj^Jj lSj^j • 1.65 (Xg/mL<>ajj^l ^ J] jjUII 
. 25.1 (xg/mL (wuaa. J] jjUJI (.J ^ j * 189 (J-g/mL 

j! (jja. ^Jj . 10 |Jg/mL ^li-all JjSII (JaO ^fl (jjjjjjkill Jy^JJ Iijiajll (<_j) 

jjUII ^ jII ^ jj£ Jill jla 4 12.4 ug/mL tj j^ij A^Lijll j& Jill 11a 
jjjjjjLJI j£j ^ (_palikjVI Ija j . 1.65 lOg/mL^jLajj lji& Jal 

z 

li ^All (Ji.J ^ (jAajJVI j£j (_S jL^J OU-?^' CS^ i J llg*lmj <iV 4^ij!La 

jI^Lli sjLjll oikj . 25.1 (j,g/mL o^j^' <J! ^ <Aj '2ug/mL 

jlg_a.ll .-IjJJ (JA«_jj1V (jV 4<3 jSu«_« CjI^o ^j__c 

^1 (^uiSn JMtiyil 19.3 J&JI 

iSJjJ' -all 1 "^V^ (^C' (J J 1 -»a-H \' II -Ui.U (j^-oJ ■ " ua < 4jjx.-JI AjjjjI] !>Lj13 -SJ--?-ll ^cAu-ill 

(jj^o^Vlj *lj*aJI ^oll (hemoglobin) ojjjIc- j*,.!! Ji^j .(J--lu1I 4_iL_-J 

jj--Jj (_£jLjjjj .(jja-uiSl i-liliija. AjljjI (J^a. (jjjjlc. j-ijA «(_jja. (J-^ l£-^J - \-)^LiJl 

(jjjjic. j-oj^il ^jaJI (jjjll ^jLjijj . 0.158 g/mL _J-.l£ill ^-Jl ^ cmji^- j^a^ 
<xLa £____> Jja jxkaJI jj-> »i<VI liDl^V ijAL jj^jj j»Uall tdilcj . 64500 g/mol 

jA La ^-gj-a £^p^ij LS^-J^ 1 ^ j la \; o_)ilui« 2 ^jU'i^ all - lac, (jl (j-aji-l 

ia all jjat ^4 j>^ll Jjla-a jiaj ?iaill ^jiaC (j* ^jUJI pJI jjauuiSVI JJ^JJ 

ikb ^Jasill Lj!>U. (j! j Alall 100 ^Ajjm (jJJjltj-aJ^JI ji (>ajJ3l .34mL/mill — J 

la-ill (jj^joi^VI liCiL^jjail jSsl, laaa (jjjjlc- j II ^ (jj^ui^VI 

.4.0xl0" 2 mg/s^ 



Sjj'nna AlLi. j»J U^J?" f - W AiJ 5_o jlVirt :19.3 J & t a lt 
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Lai j .(19.3 JLill) .la.1 j £J^J ^1 J <— ll i <-a jJiioj ia all ( JaC :<JaJl 

,j Jjl_jll (jlljic. jaJlQ II (jl (j^ajjij .l$-i3 ^Ijjj V (jjajoiSVI (jli tS^aljuba "ULa. ,j <LajIaLall 

I jj£ aJ Sjiia .^jj^-ui^l ^jl Jjj V -Ui»ll gAmj (jl (j^ajjij j ^jja i j LaLaJ ^u'n jLj^iill j».JI 

= 0 



= H sys 

cons.s acc,.s 



n i,0 2 n j,0 2 ^cons.O, 



QAJ jlc-j-aJ^ II CJ^ jm 22c Ai^jx^i Jl ^liaj t<LaaJI ^3 ^jja ' ^ (^J- 4 ^ (JjSJSlI (J-l*-a 

:^JI (j-a ^-^-^11 ii.la.lj 



^ i ,Hb 



0.158gHb 
mL blood 



molHb 



= 2.45x10 



6 mol Hb 
mL blood 



64500 g blood 

(Jja i "^Vl (jx dsUjja. AjijjI <"">■ adll Ijll j-ojJ blood j (jJJjlc. j aJ^ 11 j-ojJ Hb (jl 1^1 

(Jlial AjtJjl ^lll (j^i >a-aJI a.la.j (jja i a^Vl CjV _$-a J^C ,jl£ I jjjjlc.j aj^ II (j^i AaJj *(_£j^aj 
jjja i 1 J j-all Jjajjll (Jla-a ''^j .^1 (j-« j J (jjjjlc. j *J3 j| 22c 



H =4C V = 

"i,0 2 ^ ^ i,Hb v blood 



4 mol O, 



1 mol Hb 



2.45x10"° molHb 



mL blood 



34- 
V min J 



= 3.33x10 



_4 mol 



min 



: Qja i I 4 jj£ (jS^U (J^x-o tj <m"u n'l t iill^lui^JI ^jja i S J jaSI (j3 ill <Ja*-o L-lLuiaJ j 



n 



cons,0 9 



cons, O 2 



4.0x10 



2 mg 



32 



g 



^min ) 



1000 mg 



= 7.5x10" 



mol 



min 



mol J 

:Aaill - ^jLaJI (jja ■ u£j S J jaII (jjSJjll (J-i*-a t ■ ll uia 1 ijS aj (jVlj 

^4 mol „ _ _ ,mol „ ^„ ^ 4 mol 
n in = n, 0 -n rnn _ = 3.33x10* 7.56xl0~ 5 = 2.58xl0~ 4 

/,U 9 (,U ? cons,U-> 

min min min 
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Qo 2 



2.58xl0~ 4 



blood 



34 



mL 
min 



mol 
min 



32gY l000mg ^_ 02i2 mg 
mol J v g J mL 



JySjj (j! Aijx-o . 0.242 mg/mL Aai jTjUJ jjaua£Vl JJ^JJ cSjL-J 

<> aUI 23 j^j lili^kuj iiill fJac jl .laj 4 0.314 mg/mL csjl-y <Ja.All jja^Vl 

Ijl] cjjjjlc- j^u^JI (jja_ioi£l (jx AaaII ^ji 25 _jaj o^lt ^ aJaaJI g-jm'^l iill^lLujj .^tLall jja i XNf I 

S jjiUI ffcttl 9.3 

s 

jjxjj (jl (j^-aJ (lai^allj Sjl^)aJI <a.j.l£) SjjxIaII "Lajliiall ' 8 1 aij ^^ill Cjl jjiiall (jl 
^jjlijVI 4-a jialall (^jia Ajxlujjll Ajj-aliJI J^*-a jl jl^Lo (jl lilli ' °l ■ *-j . (j^ijll 

jfr ^SljiUI (jl .LojIj jii all (jc I alia a ^Ij^l Aa. (j!Jc.la. L-J ^l^Vlj 

.4laaJI Al&Ualall (CiVj^lj AllHI L^lSlai (j^j) 4a^alaJ! tliljjij 

Sjjilall 4JUJI ^ <jjl jxll 3JjI*a1 AjLaliill 4iuA\ jl 

(1-9.3) 



_ip +VJ/ _VJ/ 

in out gen cons 



acc dt 



^ AjL alilll JiliajVI AjjlLx-a 4jlclij!>UI 0 jjxIaII <a jlilall AjL V.1 aMI 2j jl j^]| Aj^Lx-a £j-LL-aJ j 

:S jjilall <llaJI 



in out acc 



(2-9.3) 



J3UI 

(_jl til j^a. ^.ie. (_pal jIlaLj . *P out (J.1*-»J 

• jljaJI ^3 JjLJI j=£ljj Ja*^ AjAaj l^LaxI^V iajXi 2 _ 9.3 <tal*-all (jjSi cjtlij 

• jljaJI ^ (JjLJI ^1 jjjj 4 ji-all j* jjSI 4^ (jjSj ' V P Qut j£l ^ jj& 

• JjLoJI jl jaJI Aaiij t jL-all (jx jij-ol (jj£j 4 V F Qut (> jij-al jjSj La^jc j 

ajjil^ll <]LaJ| ^a ialiaiVlj AjjljAll (^jljLx-a] AjLoI£j]I j <jL al 8j3I (jjjijj^all j-o JS (J «»"u aj 
Axjj^all (JLaxioil (jUjU j'^)^' ^cLuij CjLijLlaII j^i Ajj-o A-aii .ejlc S^)jlxJI AJlaJI ^Jaj (JaJ 
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1 AjLolSill Aj-b all (Ja»*im"i iLaj-atj .4.2j 3.3 iaa all ,J <jL ial Sill jl AjlolSill 

AlLaJ ^fl Ajjl jaII aLU^I AjLolSill all .(^ f Ajlgjj t a AjI.jJ l$J (^1) SJ.ls-o Ajioj sA« A-oj 

I C _ S A ojjxioll 

\ ,f % n dt - \ ,f y 0 jt+f f v geD dt - p * cons ^ 

AjLoI£j1I JaliaJlVI aLU-o AjLoI£j1I Ajjl jJI aLU-o ^1^1 AjltlffiUI ejjilall - laill Ala. ^-3 j 

lejjiloll aUI 

J7 - J'' V = J'' V = J'' d ^~dt = £' d¥ (4-9.3) 

jjlj Ui^ f V v P acc A jt ¥ acc Jitfl -AiH^ Jl^L ^ ^a ^1 Jill !^ J ^ 

.^(^ -f 0 ):J*lfill A^a cjojU Uj13 ^QjSj V L-iitj .^1 Jill Jo*- 4^ 

. Jo jU Aj«_Aj A-o jlalall *P Ajxlu Jill 4-li-alaJI (jj£i I alia I dt jl (JSjjJI (JjJail j 

" ' " J 'o dt dt 

Alalia Jja. j . li ^jx-o A j» lu Jill Ajj-aliJI ^1 J J -ika (j J^J ^ alia I 6? *F (J^jill (JjJaSJ I I JJa.1 

la j_)*-o Ajxjoi Jill Aaj-aLiJI jl^La jjLj I alia I Alio jjLij 4 ^F^ — ^ J * aJ (JSjjill I jlA 

AjlaaJI f I ^ij| j 

fl jJL jwaJI jjjji 20.3 Jlltll 

.Ajtli-a ClI j-ojI^jj (JLoxioilj s-l jJIj - ■ II Jjjjil ojSixo (Jjjl^la f I ■ aitim! (_£^)aj '. <LlLuu> 
(J^Li. j i n ill Jl Lijlali l^lo s.1 jJI < llaj *■! J-^W -yjj^' (JIjjj LJ^jj 

(J£joJI^ i*l Aijj j_$.la (.\ jJI Aio j^pii ^JAil a i aJJ ^ajii dljlj a 1 la all Aalojll oXoll 

. J^Vl Aloi SXo J!>Lk Ai^JI iiLaX(U^j Ujj^j ^Jill »l j^ll a1j£ jia. .(1—20.3 

.j^Vl Ala, Sxo JiU. jj^Loll fljJI Aii£ :^ (1) 

Ijiu .Aiklj «l jj j >oj1_»j3I Jx AjjUl A-ojiiloll (-1-20. 3 (JijaJI j^laJ • UUx. J (, . ,^ 
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(jlj 4c.lj.ill (jxuJaJJ Igjl ( _ s it "Lajliiall l—Sjxj 1 J ^pJLall s-ljjl jl^LaJ ^jj*"'; a lijl Jl 

iaja ail - i II ^J) 2 ^jU'i^ll Jjj^ jjc. Jajii cl j-ill 

:Ol u^ija (I) 

-1-20.3 JiSlI UJXa cljj jjj^il ^UJI JaaJI • 
. __)^il jJI ^1 laja all g-jm'ifl (j-a «■ I J J J j*J V • 




j^jIjj :u - 20.3 <j£*ill 

.(>jJI £A (D) aljJ ^ 




0 1 2 3 4 5 6 
jjj^ :i - 20.3 Ji^JI 



4 alia a 4;''" j JA« dj^lj ^ 4 alja a CllliDlc. jj^pj <i.Xaj (j£-aj • 

.(jjjjl 6 — 2.5 ' 2.5 _ 1 t 1 _ 0) 

. j-aJ jjll ^ s.1 jj i_g\ ( _ s iil V 4 jg_iiVI 4iu: Sia Ajlgj • 

.AjaLja] Ola jka J] V (t_>) 

IlIiIa^ jllj jj-ajllj dljjxiall (d) 
. Irs II (JjLa :m • 
' ■ IJjl Jjll Jj- a £-a ^ialij 4 U'ai • 

.(j^Ji ^!) mo 4|ig <_U*U • 

i— iLui^ .3 

4-liaj ' " U^ I (_^aljjal < 4_sLal£j]l aJj£1I "LLla-a (J at" ml :CjV^l*-ajl (I) 
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Aa. (jli ( 4 ■ al ■ aS al jlxj V J iaSa J-aJ jJI (j^i J J **■',' J-^l (j^ Lai J .<l^lx-all (j-a 

J 'o 

:(t f =1 mo j t 0 = 0 ) JjVl j^lll 2jL^j j Aii^J ^ « 



200 m_ 0 m 



- m — 



mo 



mo _ 



j -mt +b = 



1 mo - 0 mo 



200 



200 



mo 2 y 



?+0: 



200 



V 



mo 2 

J±g_" 
mo 2 j 



(•1 mo . p 



1 mo / 

o 



200-^ 



= 100 jag 



mo y 

.(jjj^i.VI (jjlila^ Qpiiljll s-^jjl jj^"'"^ s.1 jJI jl^La L- iLuia. j AjLaxll jl jSj 1 ii£ aj 

. 350 (J,g JJ^JJ (jji-ll-uil! Jfr^ J t flj-aola (jjjj t 300 |Jg 

j^Vl ^JLa (jJc. 4-aj]iiajl JS1 AjH£j]I <Jj£JI Ajjl 2Jjlx^ Jjikj 



l»lmo . p 2.5 mo . p 6 mo 

"Jo ^-j lmo V-j 25mo V=^-^ 0 

i«l mo . p 2.5 mo . r 6 mo 

Y 0 = 0 + 100 ng + 300 [ig + 350 ^g = 750 jag 
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(j^750 (J,g frlj^lLj ^Ji&xill £^J^)jd\ __)Al]_UI JJiJ I _J£xil^\ Alial Sia *U1 :2uj=.Vl (I) 
(JS Mill ^ja-Lail i "<■»■* 4 -si in all L-lL aa < i a 

.750^ig^*ic?j^^ 1-20.3 

Ajjai-a AoaJsC Ac Jj>a ^ ^SIjj 21.3 JIoajI 

gjljj jj&j V Ljjj^. <A< , i'W JjIS ^^hr . pjo i rt* Jjjoj^JI LS \c :<11uia 

ASSilall ^cj| jjj| IaJj^j tjAja "II AAaUl CjLjjiuia JJ^SJ ^ •(J-^O' 4 ^"? oj^^ 3 

Clll j-aJ^jJI - laa * ^jjSjjj . (jUijYI AaJUa ,j UlLaaliuAj s-UI (Jj3 Ajjljja. ^jLaj ^fi-all 
LjLjaJj I jja i X*sf I j (jj^jjAj^Jlj (j^i ( _ S -^JI * ■ "T* II (JaJj (JLaxjjoiiU 1 frlijl x a <-^Jja. <_jj}l 

(jja. A-aLoi (jjSj (jl (j^-oJ Uili ' C '""> ^ cs^ i^J^-J^ J>A\*\\ ojlA (jl (jja. •(j^ JJ-^U' (j- 0 

Ajjja a^La ^ A_alUI jjSljjll jl iiaj lililc. j »'^» jjSIjjj A ux a 4 jjl j ajS ^^jj 1 g SjS u£ 

. i4<i*U aLIS A_LaLui« Aj jaJ 

JjaSJ 8.0 US AxLall ^ 

VI .CjjIj (JjbLAJ o^Lall JJC t3^^i <3j* " tjj^ * ^SalLa ' ■ uS jp dllj Cjl^a _»jj-a 

a£5U1I >I.^'...V Aj^jaj . " , -."i Cjjlj aiaa II gAuuH aLui lilSiiill ^cjl_jj -ia.1 (jl <— SjjaUl (j-o Ajl 
J jla all ^ a^aJI ^Jjll (J^a j Ajtiaill ^j-a ^ jLiJI ^^^Xall (Jjl^ all A^iLUI sjLall jjSjJ (JJJ 

a » Wall ^,J| jjai s\£Li_4] y J^iaj ^LouJI j^J _UI jjc. -■^■'^ JjIUI j . CJ ^J-all 

(j-aaUjj . J-aJ (JjLUI jlii J_aJC. ^»IUI ^jUI jjSjJ ajSj j . - i aa II ^3 Ax. jjj-a]l 

V (JJJ ^ ■ aSs I— 1ml V' Aiilc (Jc Jaj liiaj t^Jjll Jjx_a O^Llj ^-a ^^)iJI ^ i nil jjSjJ 

(Jj la II ^ Aiiia dlUaa all oiA .^Ul CjjIj U jj Jj*_a ^mll Jj£jjj V ^.l^a. ( _ J Jaxjj . jjSjjll j 

.1-21.3 JS^I ^ A-a^j-j 1-6.3 

(Jaj ^ aa^a (^Jj CJ^JUla jl I (jja.jjlij lilij^)^ - j a ■ aj iilj!>Laj iSjjj :2 jUiiVI 
(jJJxll Aj Ulall ^jja-Lall £JJJ V aUI jjSjJ jl AjaU^yi OljlirkVI h'l j . 40 mL/mill (jc 

Ajjajll ^ ■a. ^'i ^jiasjj . 40 mL/min (jt <J32 ^1 jjaHll CiV^a juc 1-21.3 JSJJI ^ 

(j-a .i^J-21.3 JSnill 'A^ay^jA AialSlI CjljUJIj 4t_J— 6.3 Jj-^JI ^ 2 y; all jjUJI AjiaJI 
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. (jajall Jj*x (jc. ^U'nm j Uiii jj^jall (jj^) ' 30 mL/ min Lu jSi <j jLoy j! V <J=J 

jjC. ^^Loll jj^-. all ^jl I . uTi , i. liljli cAjoiSj (JjulaILj lil^alllj j a") . aJ J-oJ (j) l^jlajj 

. f LJI gjUll jjU 

I^Lj LaC 4jLi.!>U jjjjljii.VI <-^-lLllJ (Jaxiuil 

.1 jLliV! CjULu :S-6.3 JjJaJI 



( (ig/mL) 


V( mL/min) 


( p,g/mL) 


0 f|->->fl fJpSilS JjSLa 

V( mL/min) 


0.691 


90 


1.54 


40 


0.623 


100 


1.26 


50 


0.564 


110 


1.03 


60 


0.517 


120 


0.89 


70 


0.478 


130 


0.776 


80 



2.5 p 

2 - 



l 



V, 



20 40 60 80 

(mL/min) ^^-.ll jaill 



100 



120 



140 



Jj^) 5x.jjjJI SjJaill ^ S^jUJ aJ-uII SjLJ - 1 :i - 21.3 JiuJI 

.(40 mL/min < ^s-aa^JI Jaill 

j-aJ jA\ jj-a 0.10 g j^JJJ ^ "','*>■ l,-i/U (Jjli JJC- (_jjl gAuull Ac. JjJ-<JI AaJaSlI (_£ijj(i_j) 
^^i^j La j-ajjJI (j^i l^LajJa a.lal] <UjL«_a ^.^i -^j3^ Ailaia ^ liKilall 

.^J.Vlnxi (_jiL ^ un'lll AjL^aV 

: ^ ^LuJI liKiall gjUl AjL^UjII aJjIII aj Jl j-a aJjU^ (i) 
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in — in + in — in — ih s ^ s 

in,toxm out,toxin gen, toxin cons, toxin acc, toxin 

jAj-a-o fj\ f^C- (_pajjii .A^ijJalall J«JJ SySj pjjJI J] j-ajJ tOXill j] li 

1-1^ - 1j» ij lilj (pjji (_jl <_Jjij ' ■ 1^ Slj ■ al 4-jLaC. -l^jj V j iAxjh'i J (Ja.Ju "LoLji o-lLal ^k! 

(J^laj nil ^1 jjj 1 1 - 6.3 ia II diliUJI (JLxucLjjIj .^oJ^jJI liKij 

Jill ia. p^jtjj li] j 4^ ^1 j^ljJJ tgjjaall (j'J\ e. j^l j . 62 |j,g/min 

-^out,tox,n+62i^ = 0 

min 

^out,toxin =62-^ 

min 

m • ml 

y _ '"out, toxin _ min _ g i 



C 0 ut,toxin mil1 

mL 

JiU^U JjUII pxJ] ^JicVl jj£ Jill ja liAj t2 |Jg/mL ^ jl^ C out toxin j] 

gjl jill p^Ijjj '31 mL/min Cf- J£ ^1 <ja.siil cJ^^xm Xic j .jj-" (.r*-^- 0 J ^ 

j! (jl (j^i '(m - 6.3 JjAaJI) (-J-21.3 JSjill (j-aj .3-ojiiiiJI ^ <*La]l 4-ujlaJ 

."jl^VI U^" Jja. jjs 31 mL/min 



.2 jLuiVI cjULu :ui-6.3 JjJaJI 



f^l JAP 

( Hg/mL) 


u oa^aJI (JSJiJI Jjaua 

V( mL/min) 


(Hg/mL) 


<3 11 (jajill Jj** 

V( mL/min) 


2.01 


10 


2.01 


1 


2.00 


20 


1.99 


2 


1.98 


30 


2.00 


3 


1.77 


35 


1.98 


4 






2.00 


5 
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2.5 



T= 

TO 



p. 1.5 
1 , 

^ 0.5 - 



20 40 60 80 

(mL/min) v >.■>-. II jajill Ja 



100 



120 



140 



-m„ 



dm sys 
dt 



gen.toxin 



^Jl 3JjS Juu J) 4^ jJiiall fjoJ! ^jj- jll jA dm^ in /dt (jj 

^>uuJt (jajj J^*-o ls j^y '31 mL/min JSj jjajG cJ^^x^, £c .((>ajll s^lj 

ALUJI Si-all ^kr-Afl jjSljjllj Ijjj.^i^ V ^--^N (jSJjll J^x-a 

jjSLaJ t^jqil] CluUiH .ijjjjl J-Ijl-o ^ Jij .(2 ng/mL) J jkJI JiU£U 



v +62- 



u,n toxin 



mm J? 

cs lc AijU-al! d^a <LI£^j .31 mL/min (jc JSj Jja-ij cJ^^l* Ssc iaSa ■ ^ liAj 



i:- 



r 2 ^ 

V mLj 



V +62 



min 



dt = dm 

J m„ 



sys 
toxin 



niL 



V +62 



^g 
min 



t =m 



toxin/ 



— m 



sys 

toxin.O 
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t = 



m 
mLj 



sys 

toxin/ 

V + 62 



min 



2JjL*-a jj 4I j] .0.10 g 4-aj511 jlaiall J AliS. «> jja. ^l^ninll ^jVl J- <aa-l 

4 ( _ s _aa_aJI J.l*-al l*jtj 1^ a ■ a _aJ ^j.Vinxill (_jj^l Jj ■ aa S <LaJu>UI oAaII 

0.10g 



t = 



mL 



y + 62 



ng 



min 



jl ■ all (_5 jiinofl ^ ^jaill fSljpl 4-a_plll aiall (j ^'in 4 V jjjj ^ <j| Jia.V 



CitlLull jjja. Ajajj 22.3 Jli»II 

.13 j II - ■ ua II ^J-a. (J ' "-^ oJllc J 1 ^"' ^ ij aJ CjLajLlojS dLjjll Jjia. I^JLuia 

el ^iii JclLa J (Atropa belladonna) <>*sJI Ci^ 4. *; , *^ jjia. ^ 4ja.j i -w^ j 
t Jw .ttti eliii JclLall (> ^'jai V .(22.3 JLill) 25°Cl5jM Uj^ ^ 

*Uj£3l 4jjl j^i Jl aatlmlj Ia j-aj jjj 
<lail J 3 Jc- t_£jiaj liui Jajai j (j-o 1425 g J 10 i^t ^jJaJI JclLall (J-axJ 

»UI Jl-yj .(NH 3 ) l£>.Vl (> i^jj aUI 1.75 Jc j «(C6Hi 2 0 6 ) JA? 1 ^ 1 c> Ujj 

_jajl laj ■ all dlaj 25°C lSJ^-"" ^Jj*" jl j.n'uiiLj «.ljA JclLall J £3JJj .JajLiijll 4jLj 

(jja.jjpjillj (CO2) a>?J^ ls^j (O2) u#=^Vl . 22 cm 3 /min J.i*^j 

L 1 jll JclLall ^jij 'jiLjl 10 ^*JJ .JclLall (j-a 4 a Cjljlill (jai^i jIjaIuAj (N2) 

4 Jin 1 (_£ jLai j .LljjxiVlj S-Lall Jl AiL-ial jj£ _jliJI (j-a 0.699 g Jc (_£jiaj (.£^11 ' . iaxall 

.1:14 <— ala. jAj Jjlfall jLjjll gAuull (jjj 

: 1 Ujj Aijlfj Ai£ j s-La j jjjjj^ll Aiui^l j^jlj Jl JclLall J jj£ jlxll JjaJJ 



C 6 H 12 0 6 + 3.43 0 2 + 1.53 NH 3 -> 3.37 CH t 27 O 043 N 045 + 2.63 C0 2 + 6.16 H 2 0 



.<JJJjaj ClliLlJ jj-a Cl/jlk j 4 CHj 27O043N045 iJ&S ^W^' 41&11 AjjUajill Aijj-all Lai 
(j* £^)iJ! Jj£ j 4 Jclillll Ji«_a j < 1 la all JcliLall ia. ( iaSi oia.1 j Aja. j JjxjujjII (J^jIjjsLj 
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.(Doran, Bioprocessing Principles, 1991. =(> 




-1 

^ 0) 
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0 2 t> lMI jUJ jU5 .Je-li-ll ihUn 22.3 lK^I j*^ i-Uai-ll (t-j) 

^ ^ii-all J=luij1I iSj^j .02 J N2J CO2 cfic- 4 £ J^JI jlc- jLu ^jiajj .N2J 
. stall j Llj j^>Vl J jj£ jlill 3 ^ jiJI t-ijJ-a-all Jjtmll j 1 

.4-a^oIalall ^^)ti-a j (J^IAa 

04^-2 

: Cltl^a j3 (I) 

. J^UJI ^ (NH 3J C 6 Hi 2 0 6 ) oLjiiJIj (0 2J N 2J C0 2 ) <^ JUH ^1 J2 V • 

CjLill (jx I U jLa JiaJ stall j! I jlai j .jjllxJI CjLill «Jj£ ^Sl JS • 

. (JclLall ^ji I ■ <aj stall j^l^pJ '^Jjj^ H 

.<La jlaiall jj-a l_J^uij A^jJ V • 
4 stall jUkJ (^k. V Up] (^1) 4iU> AA.jjIa^]| Ol jlillj sIjA • 

d^A ^)AiJaJ .^l^jij^ j^jLojj l^aj^ia^jj 
.Jcliall ^ ^ jUJI jjUI Jl J 
(JaJj V Aj] ^l) jjJa-oll till jlxll (j-aj^a ^ J^*V ^bll (j_jjj£ll 1 j i n^l ^jjlS (JS • 

:4jat_ial Cjljtu (l_l) 

(j^i 1 rt^^ <lall ^ji 21 J (jj^jjilill (j^i ta^a. Alall ^ 79 jA *lj$JI l_Jj£jJ • 

•g, mol, K, atm, day, cm • 

^1 (JxjlSI sAa ^ 4-a jlaiall (Ji.Aj Jjtui (j* 1425 g jA (JjLuVI t^LuVI (til) 

jll (jlj run) 1425 g/run jkiJI ^1 i_iUiaj 4il ^! 4^U 10 
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C 6 H 12 0 6 + 3.43 0 2 + 1.53NH 3 ^ 

3.37 CH 127 O 043 N 045 + 2.63 C0 2 + 6.16 H 2 0 

AijLiill 2V;<U AjjUxuill aAj^I jl 'j^j 

.^uuail Clui A iWl<^ JeLia LjUjLa JjS (jjjj CiV-lJ" Jj.ia. JSjA : 1-7.3 JjAaJI 





(g/run) 




(g/run) 




(g/run) 












(4)> 


(3) JSL. 


(2)> 


(JjLu: 
(1) 



0.699 - C 6 H 12 0 6 

0 - C0 2 

0 2 
N 2 
NH 3 
H 2 0 

CH07O0.43N0.45 



i— iLuia. .3 

in out gen cons acc ^ 

^1 jlll ^ l (NH 3J C 6 Hi 2 0 6 ) oLj^llj (0 2J N 2J C0 2 ) ^1 jUll L, 

:a1LJ\ aJjUxII Uii ^ ^1 13-8.3 <bl*JI 
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: L-lLma II (._]) 

^fl oLLlxJI CjLojlx-all j (1425 g/rUIl) ^ii-sll -1=luij]Ij (j^aUJI (juLoiVl JLaxijlj • 

La ^ .(^jJaJI Je.U-11 AlSj J 



/;/ 



l.C 6 H 12 0 6 



0.03 



1425-^ 
^ runj 



: 42.75 



_g_ 

run 



42.75 



g 



"l,C 6 H 12 O fi 



l,C fi H„O fi 



M 



-^- = 0.2375 



mol 



C 6 H 12°6 



180 



g 
mol 



run 



(j-a^j La .1.47 mol/run csjL^j gJ><JI Jj»-s1I j '24.94 g/run <_sjLay 
.75.4 mol/run <_sjLou Jj-JI J&*JIj 4 1357 g/run lsjL^j ^liSlI Ja*JI c«LaJI 

• ^V^M aj^jiC a-Lo <f?.j cJ^u ^gic- (JclLall (J^»^ ^ L)' J^-^ 

(Ja.WI f.1 jgJI jUJ Axj .22 Cm /min Ji*-aJ jtjaimU f.\ jgJL Jcliajl (_si*J 

' ■■Oil ,g^tta.aJI Jja-iill (J^x^a L-ll ma I jj£ aJ t (Jjt iVnll sAa *Lul (JcliaJI ^J) 
79 J <lall ^21 (jin^aJI (jJdiuiilLj s-ljgJI La^ia (jj^JJ (jJ^M (jji. j jilill j 

lAlall 



^2 = 



22 



cm 



3 \ 



mm 



'60 min 

v 



hr 



V 



2,0 2 



0.21 316800 



cm 



3^ 



run 



24 hr 
day 



66500 



10 day 



316800 



cm 



V run ; 
cm 3 



run 



:*1 jA 



run 



.250 000 cm 3 /run jjijjll t^"?^ JaJSJI J^*-« s-^j A^jLla aI^jI^j 

dV^*-a "Lva^aJI (jjaHll ClV^x-a Jjj^J Lu£ aJ i^lj-aJI jlill (_j_jjLs Jl axluAjj 



(1.0 atm) 



66500 



cm 



3 A 



run 



mol 



"2,0, 



7?r 



82.06 atm Cm (298 K) 
mol - K 



= 2.72 



run 
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2.72 



mol 
run J 



mol 



32-M = 87.04 g 



run 



10.23 isj-^ cAj- 4 ^ J-^*-* <J^^ cs^ <j#?- jJ^^ ^-"^ ^j^-kj 

.286.4 g/run ^ jU^ (^i&ll ja^l J->*-o j cmol/run 

Oaij La ^ .18-8.3 AjjlLx-all JLaxlaib &a all JeLiLall JlUJ <jVI 1 • 

: jji^kll 

mol 



0.2375 



run 



-(-1) 



= 0.2375 



mol 



run 



0.96 mol/run c^j^^^^I! 0.793 mol/run ^ J-a^j 2^_,LL« Aij^j 

&a all (Jc-liiiall jj£ jliJI (jj^J I jj£ jlxll ^ (_g j« i all A-ojSII (jl Ijiaj j .Lj jaMJ 
J^a-o (Jjj^j Vjl Lille .i? ^jle (Ji jj^jlxll £j~Jlj yia-o (j^ij • 

, mol 



3,C 6 H 12 0„ _ 



- V mol A 



'3 ; C,H„O fi 



M 



0.699 



C 6 H 12 0 6 V 



_g_ 

run 



180 g 



= 0.00388- 



7 



run 



SJ^lx^illJ ^ u.i'ill (Jj^ill L-lLuiaJ ^^)iJlj (Ji.^11 (jjjlj^ll (JjIjulaII JLaxiuil (jVI (j^aj 

:(15-8.3 aIjUJI) i? M L^1 ji*u tf iH (16-8.3 



A H o^s^-o.oosss 11101 

f _ "i,c 6 h 12 o 6 M 3,c 6 Hi 2 o 6 run 

J c 6 h 12 o 6 



n. 



C fi H,,O fi 



0.2375 



mol 



^- = 0.98 



run 



.UK <-*U,."...j V < vw all Jc-Uiall jA jj£ jlill jl j <jl Jaa.V 



i? = 



"l,C 6 H 12 0 6 / C 6 H 12 0 6 



0.2375 



V 



mol 
run J 



(0.98) 



-a 



C 6 H 12 0 6 



-(-1) 



= 0.2336 



mol 



run 



^^jiJI "Jlx-a L_lLjii. I ii£ aj tlijLui ' all Jj-all Lii j^l (Ji.J (Jj*<« j i? j3 jjj • 

2_iklaill 4-a jlkiall AlU. ^fl Ajjl jJI <bl»^i JLaxa^L) Lu jxill jJI j 

:S jSLLuLall 



1,NH : 



— n 



3,NH 3 



+ C7 NH i? = 0 
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. A _ mol , . _„ N 

*3,NH 3 = "l,NH 3 + <*NH * =L47 + (-1-53) 

run 



{ 0.2336^] 



= 1.11 



mol 



run 



^3,NH 3 — ^3,NH 3 ^NH 3 



1.11 



mol 



run 



17- 



mol 



18.9 



_g_ 
run 



Aua^\ j jjT- ' S J"'*^ jjSHll Ji*-» g ^ « dlULuia. f I jaj (j^-aJj 

jj^l 27.0 g/run c ( j : r ? ua£l] 61.44 g/run :^jiii<JI ^ji. J q*j^ 
... . . s 

J 4i3Jj J^x-al LjjLoi-a (Ji-JI J (jj^jjlull (jjiJij (J^*-o (jjfLi (jl 1 ; la-lj . (j_oJj£ll 
£ jiJI J J&ll Aiajj Jix^i jj^J lil j tA-a jlaiajl (j-aj^a (Jtlajj V 4iV t£ jiJI 

.286.4 g/run 

j^j sliil jljjj A lilij (jl VI ^jjill jl <La_jIaLall £jlaiujj V AjjJ^JI 

aJj£3I j^ljJ jlila L-lLoiaJ Xa jialall J Jc-Uoll (jc. AajUII ajlall ^Sljfu ilij .CjLull 
lajjiiall Ajltlij]! 4 a JalaH o^jUtll AjjIjaII aJ^Ix^i (J^t'iii'i tAjjja II 



H -« +a R =H sys 

< .biomass j ,biomass biomass acc, biomass 



0-0 + 3.37 



0.2336 



mol 
run J 



~ ^acc, biomass — 0.787 



mol 



run 



3-aSljLall ajjj^JI Aiill J>ajj .^j^l -S^M 1 J! biomass JJ u£ (jl '"'^ 
aJj£13 (Jjj^Jl ujj^ JtaaluL Jl jJI s^. jll (y* i_«UJI oUiil 

:26.45 g/mol <^ tf iH (CH, 27 O 043 N 045 ) 1^1 



f 



m. 



acc, biomass 



0.787^ 
V run; 



26.45- 



V 



mol 



20.8 



_g_ 
run 



jUill g L_aLaJI (jjjll Jl J jlfall (jjjll (jl <ULoia]I (j-aj J Jjj J3j 

:JcliJI J stall j AjjJ^JI aJj^II (j- fStjLal! jljLJI (jjSj til .1:14 iSj^i 



m sys = 1 4 

acc, wet biomass 



20.8- 



run 



= 291.2- 



run 



m sys = m sys - m sys 

acc,H 2 0 acc, wet biomass acc, biomass 



= 291.2- 



20.8-^- = 270.4-^- 



run 



run 



run 
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:^ jiJI tLall (jjiii 



^1,H,0 ^3,H,0 + a H,0^ ^acc,H,0 



^3,H 2 0 ^1,H 2 0 C H 2 0^ ^acc,H 2 0 



mol 



= 75.4 + 6.16 

run 



0.2336 



mol 
run J 



210.4- 



' mol 



run J 



= 61.82 



mol 



run 



m 3,H 2 0 W 3,H 2 0 M H2 q 



61.82 



mol 



run 



18 



g 



= 1113 



g 



V mol J run 



(g/run) 


(g/run) 




(g/run) 








(4)> 


(3) 


(2)> 


(1) ^ 




0 




0.699 




42.8 


CeHnOe 


0 


27.0 




0 




co 2 


0 


61.4 




87.0 




0 2 


0 


286 




286 




N 2 


0 




18.9 




24.9 


NH 3 


270 




1110 




1360 


H 2 0 


20.8 










CH1.27O0.43N0.45 



•0.234 mol/run csjl^j JtUllI Ja^j .jjSjlill ja JeliiJI :4jj^Vl (!) 

s.L<JI aX& ^ j"?-" 3J jlxall L^jil£ tj jLoij j .20.8 g j>y S^ic. JiLa. JelLaJI ^ 
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^.jluJ ^ ^1 Jill JjL. ja IIaj .291 g ( (20.8 g) *M W^j (270.4 g) 

.^aljl D^JjJuC (_£.1a t _ s Ac 
J i 
2Jjlx-a JLaxaj^lj J jlaJt (j^i (jSJjli AjKjl 3V*i<U AiaLi 2j jl j^i s-ljaJ 1"<«; • jjjaJjll (< . 

JcliJI J\ JaJJ J5U JjLo UL«U lil .2-9.3 Sj^l aJUI! JiU^VI 
c(l-j~7.3 Jj^JI) jUil j> 373 g/run ^j j . ^J A^ill j cl425 g/run ^ jLaJI j 
.1504 g/run ^1 (jaill Jj*- '£ J^ 1 tAs -1798 g/run <J=^I ^L-a jl£ 

1798-^ — 1504-^- = 294-^- = 291-^- 



run run run run 

pUaa.1 Jl (jjill j*J u' u^*jj '291 g/run Ajj.n^^ll ^IjjII 4^ja j-o 3-aja o^a j 

Cj)2Ajut (JJ^aJ I ■ iaj Ui_a jj .Aj] j^ll j aJj£1I ' -boilll j tA^LaajaJl j Ajl j-ollj jjaHll 

tllV J-a^l j J' aj*JI Ajj£ j (j"'?- II aJj£j AjKII aJj£1I ijla Ajxjoijj (j-al ja. ^^ic laUajVI j 4j jl j^JI 

I g m j ' A alia a »Jaj3 ial to j^l j 4jjl j^JI ^^jljllx-a (J! jiaJj la-lj aij AjjjS jj ^LojaVI lj j^JJ 
C1jIjIjj]I oJJlxlxi aJajll Jc. I ■ ajl dlV-ita-all iillj '"'°.'^J .ej'l'u.i.nll j Ajiclij!>UI j "La. jjLJI ajajll 
L-iaJ 1 Ijj aSjuilj 1 afrjK jl c jliill ^ 4 33 1'l .nil Cjlj j^«ll oJJbtla jl c^^)aJI j (Ja..lll J 
(J jla. ^-aj (Jaj (j^i lillj j c'i.l}*lL<i diljlii djli Cj|.ia. _jll sJ^*Il« a,vi» <i ^laj j^i aJojjoij ^laj (Jjc. 
<JjjaJ AjjU-oj^II CliMclijll Jlfixil ja] Aij^jJa 1 j . >i jt'i l nl j ^ alia ail dl jjxaaII j CjU j£-ail 

^jc. A-aiuiaJI SjLall (Jaj i . Ujoij A^i jJalall ^ jjj (jl (j^aJ aJj^II (jl 8.3 (J J ^aJI 

4jV (_iIjSJI liA ^3 S/J Ai£ll Jaliajl liaJS J3j .AjjULJI (> <_Sja.Vl Jj-^l ClU^la. 
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.(6 (J-aill) 2j<j-K^» 2iUa]l j (5 <J_ai]l) 2jjLij$_]I ASUsJI Ajjl jxij c(6 <J_aj]l) 



3JjU-» L$jc jki ^1 ^Ijjj j JJ jj j AS ja. <j_*±« :8.3 JjJaJI 








La ^ Jjj— j Cj!)Ic.Uj 


^)JC.j (_)_L_j 6_Le (jSj 


<Aj_»L_il 


AiLUI g-ljjf jjj <jjLi^jS 




4j» i njlill 




X 


2X11 2h<« 


X 


X 












X 




X 


X 


2_j_J| 


X 


X 












X 


J— _U»J1 
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JJC 20 Cm/S Acjjoij fJI Jji-ilij .4jj-aJI ojjJI ^ AjC. J ^1 _jLiLjj_JI 1.3 

c0.17 cm c5jL-y JjVl ji-i c_jt j2 J) ^ -0-2 cm sjJal o^j^ 

_jiA <> J£ .0.15 cm c5jLuy ^liill 1 18 cm/s ajs ^jJI (jji&jj 



264 



0.15 La^ia JS jiaS jJCjS J] 0.17 Cm ojlaS ^jJt jLjiill .Ljaj) (jJCjill 

^1 (jajj J^x-o .0.12 cm L&$ia J£ jiaS (jjcja J) ji.71 ^jsjjj 'Cm 

<Lo jiala J j^a. l^ia (J^l j»Jaj o^C- ^Uau .13 ^ J_>^' (j"" 4jC._>jjj j 

.AJLoLaJI oiA Ja». jj-o (j^aJJ alia a 

el _«^JI ^jLuuj .200 mL/s Ljja ^-^11 jaJill J.i*-a ^ jL^j .D Q =1.8 cm 
cjil^a Jl ^Ic. jll ^jsjjj .0.00018 g/(cm.s) grjiuuj 0.0012 g/cm 3 

La^ia (J£ ^jLayj jjljjLuiLa j-U^aSIl (jijL& IjiaSj '(23.3 (JSjuoJI J^l) 1 (J^?-^ jjLfajoij 

JjsJI (>ilj-aj Jjc-js Jl 1 J^?JI gr^J* U" 1 £.J*^J -is^ J$ O* i£* 75 

jjaii ^ AlaJI ^ 75 (_5 cKj 'AjjLuiia 2 (J^JI ^ <xjjVI ^ J_>^' jUaiil J .2 
Lajlj (_J jLuii ' llja AlAa. (Jj^ (j£ Ajc ^jijll (j^i La-ajll li& j-aiuyj .1 (Jj^JI ^ A y aSIl 
.La^iiuU (fiill (Jj-aVI J^>3 (j^i <lall ^ 75 (jj.lj.laJI (jjCjill (j^i (J£ jiaS 
^ 4jj£]| (jSlj Jjix^) iho^^ fl Jjs. (J^ V„ el jgii 4jjaaJ <cjjj| 4JjL*^i t . f^l (I) 
<_b^a.l .(el J$JI Ailii^) p J (^j-alc-jll jlaS) Doj '((J#?JI fSj) H j '(0 J#?JI 

.12j 6 oAj^I AjkiJI el j*ll 
JjaJI 2Jji]| jjajj J^t-a) m 0 tn JjaJJ <Re„ o 1 -^ J-^J <tal*-a l_u£I (l_i) 

(jAjljjjj JJC. (_b^l .(el J$l\ jj]) |J, j (^Ic. jll jlai) Dqj '(cW^I j) i(0 

•12j 6 o?WJI ^ 
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... f ^ J 2-5 




( yAJ ^2 
j^UI ^ 12.6 



(j^i Ljjj A1a\\ ^ 50j jjjJjoi^^ll (j* L^jj (_s^ 2.5 ^jic. 'ijjJI ^jiia (JjLoi 3 

t jjj^nill qa Ljj 4jaJI 50 j )^j_yoJI (_>JiJ-i iSj"'~*.1J <iLua ajLa ^^jlJIj 4*Lajl 

SjLa jA ^gSUll J ts-Lall (j-o Ljj <lajl ^ 18j ' j J .Jl qa Lljj <Lall l.Oj 

' a j^ui 2HL>° U^3^ <_S"^ *La31j Sjill ^jiia (JjLj £-a j^j^jjuJI (_>uJJ ^j"°^J 

^ Ujj <laJI 12. 6 j ' jjjl^SJI (j^ Ijjj aUI ^ 2.0 t5 Ac ^jiJI jLj lSj-^j 
Doran <> .(24.3 Jiill jtsl) 

.(PM, Bioprocess Engineering Principles, 1999 

?iilk. ^fl <]L^aJI ojlA (jiiLuil jA La (!) 
S-Lall j AjL^all 'i^Lall j jjj£jmll j ( j"lla]l ^ ) "Ljjjjll AjjlaJI ' ■ bailll La (l_l) 

?'ijjl]| ^jila (JjLoi jLj (j^-ii (J-l*-a Jl s-Lall jLj * SjS (JjSJj (J^*-a 4lm'l La (dl) 

(J^jui (JjLji (j^a JAa-a jjij-a jl^La (jSa. ^^A i_l jJajJax jLj JjaJlJ (J-lx-a ll laJj Jjjljla cS^J 4 

dsl jLj (j-a Aa.jj La LJlc tAjjV^u^JI (Jala-all Jj . jLull (jji-a ,j-a Ajjx^i 

jLjj Lya ojjjjjoi (_Lilx-a]l A^l Aa. jj j .("UtlaLa JJC. dlljlc. (_Liaj CjIjLjj) AiaLiJI 

(j^i AjI Ajjaijj cAiall 95 (_£jLjij ( J^iLk jlc.) (j^ JJ^A^ c!>* tj-a ijjS^l 

(32Jj J^aj Qja i s£$\ [jiaj ' jLiill '^A (J^*-a JyA^jlj .<la]l 5 jLoij ^jja .XV I 

4jJ jA\ AiLaij jl jjjija jLull qa <jjc. ^ jja-ui^Vl jj^jj cji^j -16.3 mol/hr lsJ^ 
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(J-axJ ClliaHll (jlj (_£j^_a]l J (Jeliij J j.r^^. ^jC. (_ya\ jjal i^l'l^ aj .<lajl J 10 <_£jLuij 

■SjSIukJI <ULsJI J 

?UJai. 3 jSj ■ u a Lj-ia <Ujl*-a j ?i_Jj£j jl 3olJ i jj 4j jl j^i <Ujl*-a (I) 
(y& <la]l J 95 <_£ jLjjJ 4j] j-o A im'i Jc (_£ ji^J (-5"^ °JJJ.!'"^ (jSJj (Jj»-a L-luiaJ 

. jjja-mSVl (j-o <iall J 5j (jJ^jjliill 

(j^i <la]l J 2.5 (.SjLuii ^fjjj A Jc- (_S j'^Jj t»l J.aaJI CjLjjfij Jc. (!) ;J B 

'(isotonic) jjjjII ^jLAa JjLu ^ 4lall J 50.0 Jc j t*LJajJ ^11 L£Lk 

. tlja^. j»j L!/Li. <_jA (_>jy^l Cjuj3a a 

<_£ jLojj <wi Jc ^ ji^ij .(serum protein) oliijjjjj jc (u) <_h^ 

t »L ajjjl OLij£ (jx J 1.0 Jc j cAjL^axJI CjLjjjjjJI (j^i Alall J 50.0 

.»! ja'. <_jA (Jjy^ll dlUjpa a 4j£jj 4 jjjjll (_g jLAa JjLjj j^i <la]| J 18.0 J 

. jjjall jLAo JjLJI (j-o Alali j 100.0 Jc ijj^>~i (^j) o*y^' 

Alall J 12.6 J »*l 

4jL Oljjjjjj '-jjj 

jLAa JjLuiII j 1 . jajjJl CiLjj£j pi j^aJI ^^11 CLlLijS Jj£ Jaliajl Ajua t_Jj£l (I) 

(j uj£ ^ JJ ^jLuia (JjLuill j jAaJI ^Jl CLlLljSJ Ajjjjll AjjlaJI (_bjii3l l . 
La fja&h AjjS (til (JAlSlI) l-ijj-all JJjjJI ^jlm'o JjLJI AjjS La (d) 

_aii. ijclia Jj s.La]lj j^i.ill £_a Ljii£JI (Ji.JJ 4(J ii^i ojjjjjj J 6.3 

LjiillJI Jt (J c -^- < ^^ L>° ^J^-^' J^A^' i£ J 'jSjjill (j^i gaJj 

jlii j^i U>LiJI ^1^-^ AJI jj J ■ ■ IC. jj (jaj j .JiLa]! j^i i nil Jj AiLjaj t«.Lallj (JjiSlI j 

tlua. (Jj^aS jL^A. Jj £ J^JI ' J ja^ll lii. jjla Ajajj j^i (j^ajj i lua ; ^ j^iJI 
Alall J 30 Jc Jj-alill Jj (Ji.jJI jLu ^ jiajj • jLull 
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t (> Ujj 4iall ^ 2.5j <L£UJ (> ljjj 4lall ^ 90 ^ L^LiJL, ^Jill jliill 

• s-Lall ,j-<i Ljjj <laJI ,j 7j J ja^JI (j^ ljjj Alall ^ 0.5 J 

AlA** s^Ij -eLallj j^Jtj Lij^JIj Jj=^l :<j^Vl J£ Jiltojl ci^U-a <_iSI (!) 

.L£UJ t> JliJ jL0 jj jj^(<_j) 

sjjUII jjlj (j! c^±£ J^' (hemoglobin) oaJ^ ls^- ^ <-k^ u^j 7.3 

«-(_Sj> 'lajL- - la^iij cAS. i Jj& (JjIjjII ^a .Aj ^Jjlall fjll i— italj-al jlij CiVLa. <_ji 

.(jj^ui^VI £-a Aillj jjjjoiaj (J^t (j^i I jjja <J-^S Om^~ J"-'fi ^ 

1.0) ^ Jj i nlj jjll CAkui j3 j (ljjj Aj-oll 1.0) jiJJJjJ-all JJJjiSj (jjjjlc. J.aJgjl ' «»^J 

<_jlj jj jfLiJ ^^ic jjaj L-lLua ^La JtJ j« ' aia all (jjjjlc. j al£ II - ■ ajj . (ljjj <laJI 

dllim j3 j '(ljjj <lall (-3 20.0) j»JJJ J' all -^JJJ^J '(ljjj Alall 50.0) (» Jjj J' all 

(Jj»_a]l ' "-^ all jjjjlc.j aJ^ 11 gjj-a j-a 2.0x10^ g CS^" f 4 "^ (-K!^ (-3^ j'"^JJ -fj^^^l 
gjj<il! s-Lall ' °l i iaJ 'j»j]] (Jj-Ij J! 4j^La. *LaJ jj^J Lajjj^j ' all ^Lall gjjaj 

pLall Jc. (^jl^all) JjU J (jjjS Sjle^ (jijS JS1 8.0X10 2 g Jj*-aJ i_iUJ 
qa JaVl ^ ljjj 4lall ^ 19 (jla ijj^-i 3 S- 1 ^ LS^I (^XaVlj (jJJjlc. jxu^JI j 

.(J^a-all jjjjjlc. J-aJ^JI 

' iia all (jjj jlc. jAJg-ll) AajjVl 2jjLi-aj£ll C1jIj£j^1I J£J iiliajl 4jjl*x 1 ■ (I) 

^^Ic. Ist-a 4^.j jA<i3l (j» jj ^jjuall Cjlijjj^jjj jij^tjjJI CjILoj j3j ~j„' ^ J> -all AjjjKj 

.ojj^AaII AajjVI CllU£j-a]l (j^i (JS1 Ajjjjll Ajjlall <iuull J^a. (t_l) 
.«Lallj J jla all jJj^J o-llel ^xj 4-ubaa II dlj j£-a]l (j^i JS1 Ajjjjll Ajjlall 4-iuall J^a. (dl) 
'^Lall J^j-a (j^i lilj^l La jlij <lli. ' il a II ^iall ^ij-aJ tllil£jji-a Ljlli.1 ^.jJ (til) 

J^a-all jJJjlc. jAJ^il AjjoU ^jJc- klaaJl <jll ^ttaJj ^ill ^L^aVI «.Lall jl^La jA La 

?<jjj£j jlx^ll J jla all ^4 Ljjj Alall ^19 c5 jLuU 

j*jj .s^lall CjLjV jll ^a S oU-aij (streptomycin) j^yLa jjj jkJI pi jj 8.3 

s.1 jJI JLaxiuiY J .S-Lall j-a Lljj <lall ^ 50.0 ^jit (jjjLujLajJJ jLoJI (_J jii-1 tAjajdll 
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jlij (fi j .AiaaL^ S.jLa 4_ill ' al i *aJ jl ' ■ la^jj tl-j-lxm jjii jl J '<_S"-yjJ^ j^ll 

4 Safll a 11 s^Lall jlij (g j*iaj j . s-Lall J a jj-j j- all JjjjK jxi ljjj AlxJI J 2 Jc- JyAxull 

J -jj^ j' -A •ijjjl^ o-o ljjj ^lall J 5 j AiiaUJI SjLall j^ ljjj <iall J 10 Jc 
J I jAla. j**^ jL£ uj-^' ' * j' j"^ J ciiljliill ^ j«j J -eLaH 

.(_C.JJjjll jiiJI (JjLjSI 

jlij J jJI <JjoU (j! (j^al jjsIj £ jiJI jlij Jl *l jJI Jc. (_£ jfi-s <ill jliill Ala. (I) 

.Ljjj Ai<JI J 10 ^ jiJI 

t .jLall 4 j i hi (jl (_pal jaaLj ^ jiJI jlij 4_l*»aLaJI oJiLall Jc. iSj"^ Ajjuuj Ala. 

.ljjj AiaJI J 3 jLuj ^j*»JI jLu J AiiaUJI 

Alall J 10 <_£ jLjJ s-l jllI 4 im'i (jl (j^aljjalj ^jaJI jLjj Jl AjAajll jLu Ala. (dl) 

jail jlij J ljjj J 3 (_£ jLuij 3 Sail a II ojLall A im'ij ljjj 

?4JLaxJ1 si* J jjLjjVI jA Lo^) 

.4j^ill Jl Oljlij J iJSSll JsJj CjVi*-a t-bo.a.1 (^) 

?^ jaJI jlij J ^ jj ij i ,-.'1 ^jjKI AajjjJI Ajjloll 4 jm'iH La 

L-lL aJ I a*ua j . 1 ■ 1$ «* i ^ I 3 a ijj jjj jll ^ j«mll j« j-alajll ^^A jjiiKll ^l$-a (_C Aa.1 9 . 3 
j»lll jxy .^jajoJI lilii j« j ala^lll Jill (Jj ' "f*- AJI (JLaxjjoil ' ■ la-j 4(_Cjiill jjj aflll « (jjilill 
(JjLui jl jja. J cla.1 j alaol J jljAaJI ^ijiij ^4jMir.l jl) ' ■ Ujl j| JJC. (J^ll (Jj > nf*. All 

.(j^U-all oL>iVI J s-yjLiVl ^-J 1 ^ "t"' J* 1 (dialysate) Jill Jjmr. 

cjjjlilll jjj IjIaJj 4jj^ jjjxJLj ojjij^all dlllijiil i_UjljS/l ^J a JJ« ■ a CllLaLjia ^ajoijj 
L_ll£jj jl jJal jialj .lA JJC JJJ-all j-« (lj^-^-11 J ^^JJ JJ^l') * Jjj^ L - '^j^l ^laJ Upil 
J jJfall (jSj LaA jLkllj tJSlI JjLa! t ■ LlSjJ j c5J^I Jj (Ji.1^11 ^^31 

ITlM II ClllAa. jj < J jjij-a ja. jj£ jj L-luia.1 c9.3 J j-^?-ll 

200 Jix-aJ (jSlij ^ill jl j tSJVI Ji.b J dLifclij Cj jJLs. ^ J^ajial .(jjJ /J J-aJj-a) 

.400 mL/min J^«-aj Jja-ili Jill J^c JjLj jlj cmL/min 

jxi Xal£ LaJl AJVI .(pheresis) 8 *l ■ <ll 4U.nl jj J^aJJ-a j* LajXi j *-ar>j Cjjl 10.3 

.^joiaJI Jl ^aJI AjiJ Ajxj j ajja-jJI Laj!*Lill j« ljjj <lall J 80 (Jj-aSJj I - 1 aa II 

i . 1 1 ajll j .LajMjj f I ■ *ajj CjLij£ j *lj^a. dljji Jc (_£ JJa-1 <jl jjiLjiI Jc. ^aJI ^AaJJ 

w,=0.05 j t*l j^ cAjjS >v e =0.40 ^ Jalill (.J J objUl ^ AJjill 
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qa iQyj g — j £ jjj 


\a 1 -4. : *. *.l 


jiat .Loj^j w p = 


0.55 j .*L 


Jail ClsL)^ 


^38 SjUI ^ laj^Jlj , 






















J;Lu« J ^Lb^l JjSIji :9.3 JjJaJI 












(mM) *fifl <> £j^l 








(mM) 


(mM) 


(g/mol) 




133 


133 


142 


23.0 


Na + 


2 


1 


7 


39.1 


K + 


29.2 


35.7 


14 


61.2 


HCO3 


3 


0 


9 


96.0 


HPO4 


125 


125 


100 


180.2 




87 


0 


200 


60.1 


SJ jj 








11.3 



La&jJC. £-a (Jtlijll jj-a S ■ '— all ^lui&VI £laj I i.*K j IgE (j-a (jj^ LyjI-^-o '*Lall 

.Jlc. jjSjij IgM ci.^iJ jiLua.VI ajSHI sjjjjjoi -j a 1 aij liila^oj (dllLa (_gl) (J jla all 

jLij j IgG SI (J- 1 - j^JJ tS'^ ^"'■"■"■■^ (Jj-aill j £J^- jLu ^ j-4 *— * J*" 

1_J .*L_ ^LJIj cw IgG =0.40, w IgM =0.025, w IgE = 0.0030:^71 ^Jilb 
Jill j .dUi j^abllj t w stab = 0.10 Jc. <_£ jlaj ^ill jLull t-u^Jj 

^jl! ajSIIj ..La ^Ullj « w IgG = 0.15, w lgM = 0.20, w IgE = 0.0040, w sVdb = 0.01 

£ jLja all ^aLuii.VI (j-a (Jlc. JJ^JJ ( _ 5 Jc ^J^J jIjj (j^aliJI <4»j«. ( _ ? lc. (j^a j_)ia]| 

. w IgE = 0.0050 J ja IgM 

'IgE clgM 'IgG) ^aaJI jJilall Oli j£-a jj-a JS1 Aiill Jaliail <3jl*x i-JjSI (!) 

. (<.UJI idjAall 

jjaij Jjx-a (t_j) 

_aa. j-all (fLaJI JgE JgM 'IgG) <-a jiaiall Olj j£-a qa (Jil 4j3jUI IJmill I— jjoiaj (tlj) 
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.IgM Si.?-. J f.Lu^Vl 

poly -L-lactic acid ) (jJll <^! 'Ljjja. liKaill JA^I 12.3 

(Jtlij * '(jJll ^j'-""^ t j-o_jj_j^JI (Jdiill .o^aiuia ojjjJjjj (J «»"u uJ c(PLA 
£ jLa Cll.li.jll oJ-lxia ojjj;iui]l oi& CjIa^j |_jAa.Jj .PLA 11 clWj^ frl-all 

1 jUill ^ji=^j -2 >JI 4 jliill l^ojj ^IaJ 3 j 2 j 1 oljUll JLoj .(25.3 Jiill) 

<iLa ^^ic. 2 jLjjl! (_£ J-^JJ -0.40 jLiiil 4j1j£1I <Ciiuij (_£ jLuij ^ill jja all j eLall ^^ic 

^Ac. ^jj^jj o^jj^ixwil ^j- 0 (J^lj-a -^3*^ 3 ^jLiill Lai j'-^j 

jUill <J aj&SH l^Ij .PLA jj<uJI jJll (j^iaa. j^iljjj j q-s al l j jjjlll (J^ia^j 
CjLj^ ^ji. .(jJll o^ 4 ^ 0.150 <jLall 0.020 cPLA -11 0.050 :<^a 3 

0.10 AJjill i,u«\\\ ^jl^ <^ill 4 jLnll ^ ^ >jj a££1I ol jUill 

jLull ^ (jJll (jla^aJ (Jjill iji-iill J.l*-a La! . .Hniall (jjlll (j^a-a^. j-aj] 0.010 J jii-ail 

.3 jliill ^ o^ 1 cs^ 1 eJ^ 1 ^ 10 CSJ 1 ^ 2 

(jJll (j^a-J ^»jjVl A^i jklall dlLi jLa j£l Jili^jl aJjIx^i 1 . »<1 (!) 

. (jJbtLall (jjlll (_pia^ jaJjJj j 

(jia^a. j^uljjj jLa-allj (jjlll *L»1I) j£all t> J£l 2L1S1I t^ill (o) 

•4j 2 (jjjLull ^ (VUil iaij o^lall (jJll 




I ^ 

.PLA —II djl^ jll 
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<La jjj-a a Jj« ■ all ^jiilll ' ; \\'l jVI L_aVI (j-a ejlft jlfraJI (jjSijJj .Ajjj^JI <JjLLaj£II 

(jt i—sUT^I ^j-" ia diLjj^all (J^c. o^yj - ^ 1 — 26 . 3 (JSjjJI) <Lij_a±il % j*^ ^* 

^j'— «J . LpLALa ^^Ic j (J^a»j^U IgjjLli ^^Ic elij 1 g a jl a oJlja.j^JI dlL)j£^3l 

^JLoball oi* ^3 ll La.laj j ><# SlaJ jjaj ^1 i_iLjfyl jJJ fLiill JJC Jxlijll J jxll 
(_JLoj ^^ja-jLa. t_i_jjjl j cs-Uixll i_ aLJI JlLsj ^ i_j_a±jLi pli jaJI i—aUlVl sLuic e jj» aj 

.( M -26.3 JiSB) (yikll) ^ JUJ >J 

UiLaJI (3^*-* 3^ (J-^*- 0 LSj^y LS^)f^! 3^ x - <1 j^J^ *la_aaJI i—aUVI tLuiC. ajj^aj (J» i'n 

'Uji&JI qa Ujj <UI ^ 1,0 (> (J^-^t 4^ c3^" uj%j • 350 kg/min t-iUVl ^ 
(_j jLojj (jaj2 (J^*-aj M j^-^l (Jjj- 0 cs^^* tjj^ * (J^^jj -s-L" jW^I u^^J 
1 i^-^j *LS*1I s-yJi (^a L£UJI 3l*-a jl Jl Ijlajj . 80.0 kg/min 

cjjlx^ll ^ oJja.j^]l IjjiiaJI Lai .^kyaW Jl sUuill J1C (-JJjLlVl (j«o ^j^pJI Jc. sLail 
. jLjaJI (j^u^a fLuiiil 4-iiAi! J t5 ifj lilj tfrLuoiJI JjJC- o^jc ^jWinn V As. Jj OJJJ^ ^j^J 
UMaJI (jl (j^ajaal .Lijn'sill (j-a Lijj AixJI J 6.0 Jc £jaJI J LpLaJI 3^ < - <1 (_£jlajj 
AjoUjLa <ULui«) .ojjJC. s-Lall - 1 JJJ i al j ClAll_)aJI (j-a ^-aj-JJJ V tLiill (jl j 1 jajj V 

.(Doran PM, Bioprocess Engineering Principles, 1999(> 

.£ jaJ ^ (^S j-ajl jLull j ^ jaJI LplaJI 3^*-° c?^' (JSJ^I Is^-^*-" '.'"'''I (l) 

.s-LiiJI ^)JC. fLall Ai£ J-^*-a L-lmaJ 

jaJI ^ Lj^LkJl ^k-" J^H CS^ V^=^' J- 1 *-" 1 (^j) 

(j! jLuC.1 (j^-aJ .(27.3 (JSjuJI) j»-}ll jLjj (j-a Cj^ ■ iaall ^ j ni jj] AjjLIc. A^jJala (Jat'ln'l 14.3 
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® 



7 jLa 



© 



dLic. 5_o_jJiLi :27.3 Ji*iil (g)' 



® 



® 



® 



t> 30.0 mg/min <>a^LaaJ pLiiil <jL«jj ." <_jji.Vl cAj j£a "j 

25 (JSJj Ja*-o cSjLuJj tC^Liaall j-a Ujj Alal! ,J 0.17 ^jle- (U J^) 
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(R jball) jjJj : jjjLu J) ^1 lj^4 '*L£iJI t>> >i*Jj -g/min 

(j^i (F jLiill) _>^VI ^jijj t«.LixJI J (_Jj3 ^joija]! jjc. ^.lll jlii JJ - 1 <alJ 
Al£ (jSjj Ja«-o t-luia.1 .(F j\0) ^JijJI p£\ 3a Jj J.ixx Jia ^jLujj (R 

.R tF tB tA diljUiJI (J Ajjjjll j CjX^I 

.LLuLmJ ^aiaj S.1E. AlAaJj ■ . la-j tAjjUaalt dLa jLt-all Jc Jj i SI j (JaJI ?.l^)a>V 
tU 'F iW ClI jliill ^JalijJ I : " ua J AjIaxSI (_Lil£ J_&a. 4-a jiala J j^jl jl 
4^ jLall J ja. Am jlaiaJI J £_»ia il^JjSI JJj dll jLnll oi& (j3.}J Cj^Aa-a tjm-j j 
.l^j t^5_^a-a]) (J_J^ 5-a_jiai<«JI t'"' 3 '^J^ .Ajjl3a-all CllLa_al*-a]l .la. j 

Glover C, Lunsford KM, Fleming ^iila aJL^I) .^jjUaJl cjlajkJ 
JA, Conservation Principles and the Structure of Engineering, 

.(1994. 

Jj AjjV lli all CLlLajjiAll (j>s JJj£ Je- Jjj^aail (JjIjjJI .j^N^'i.J (J^tluj 15.3 
IgJaij (JjLuJI J <la Lall Cllljj£-a]l |TJ^ taj^aa all Cilia, jlLall Jjl jjuj a!^ aOjuit 
(JLajUjoilj Jl-ail a Sjla a (j-a (j alaJjuiJ tjjjluuiJI (Jjc (j^a. t!>l!la .(£%a ■ ■ ujba 

jUill ^j^Uia jl^a. 4_kJ jj Jj^aaSI IjiA c5 j^4j .(butyl acetate) j£ ci^Li. 
l.OOxlO 3 lb m /hr j^Kinj .28.3 J ^ up-^j c> uj^° 

t jjLobll (j« Ujj <UI J 0.50 (1 jLn^) J jj^ 1 "/'.'^ 

aUI J 30.0 (4 jLiiJI) JdfjjJI dL>Li. aJjS (jai J^oo ^jLujj .*L»J! ja jliill 

^jLjj ^.1 .(1 jLiiJI) (J^^J! J jLaM (jjluuiill (jSJJ J^3<-o (j-a 

Cj!)U. jLiill AjLj t qa Lijj Alall J 3.0 J& (3 jLiiil) jrj^Jl 
.Jijjjll diLi. j (jjLoLiiJI j f.Lall Jc. (6 jLj^l) (j-j^ ^^>^' l^j^Jj •cJjjjj^ 
lilli J 2jh<\i ^ 1/4000 6 jLiill J jjU^ Sjh<ti a^uII j 

J 98 («l .AlaSI J 98 AAuiij JjVl <k>all J jjLtpjlt J^»3 J' ^Jj •jLpJI 
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,j-a Lijj 4jLaJI 2.0 J (JJ»"j\l» (j-a Ljjj Aj-all ^ 1.7 ^La^S 2 jLull <e^ «-La]lj 



(JjLui 

I 



ii 



I J *La jli'u JjA^. j»j ' 6j 4 j 3 j 1 ClitjLnll Ajjlkall Cjla jkj 

. jLp J£ ysil ysSlI JiS J^a (I) 

j&Ij _$a (poly propylene fumarate) (jAujjJI jlaja) ^J^JI 16.3 

Ijkij .ZnCl 2 tdjjJI ^jj^ t> J-a*iuL (methylene chloride) 

(JjaJuj .(JjIiiia]! Aij_jK ^ jia ait j ^aj]_aj]l L_bailj (j« <_1^ (J^S < a " * 
(J£joJI (jJJ-a jA La Jja J Uj\Ai " ^ Mri"^ Uj""^"'"' " U^-^J CS^ J$ 
10) j£ Ai5>a 



10.0 J i^)^^! (j-a Lijj 4l<JI ^ 40.0 ( _ s ift ^JU-aJ! JJC. j-ajljJI Jjla-a ^jia_l 
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Alall ^fl 80.0 ^J^JJ .t.u'uti (ja ljjj Alall ^3 50.0 J ( j-a Ujj Alall ^3 

i - iM , ^a\l Jjla a ^ j°-^ all JJ^JJ <_£jLuiJ iS^j (_JS ,(iaa2 jia all j ■ ■ LlU 

' "'J - *- .' (jtj^ jll (Jstuij J • S.iSi jll "-^lij (j-a £^>^ 2-3"° <-S^ ^-"^ s j^JJ 

lSj-^j 'j-^j^ i>° ^jj ls^ 65.0 ^jSc. qu julS I ^.la.j (jii jliill tsJ^-i 

li] . J-ajljJI (jx Ljjj ^ 80.0 ^^Ic- II (J^- 4 *!! 6.1a. j (j-a ^jliJI ^jiLall jljj 

.1 (Jj.uitJI 0.1a. j (Jj^ es^J^ "J ^"O ' ■ taJ 

jiJI jlij ^ ^gjlgil! ^j-ajljJI ^ jliall ^fl all 4_ijjjll ,i!la.(i_s) 
j°^ all Aj.i.iilS jj£ AjJJ-a jl^LaJ (j^adiaall ^ iaa all 















I 


►» 


II 





jXalau Ja^ Ijja. j :29.3 J£*ifl 
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1 (Ji J 4 UjU ^ 

2 (Ja. J SU.U ^ 

3 <kik. ^ 

4 Jijll Uyli p. 



7 jLa 



.£> S^j Jij Ja£U. :S-30.3 JiAB 



1 JijJ 2 U,U ^ 




► II AjjlkJI a kiU. i i 



j <u ■ .1 a j ( _ J it gjJJJ Ja£ilaJI (j^i CjljLjj Ajuj\ <-jj.)aJI (JjAj^II 0 ^jj-a-a ^j^J 17.3 

^ A mjjjLa AlLoia) .^^ja.! 4jaJ^)a, dll jjl j lajLLa (J£ mi Ifr^a ^ 1—ljC. j-o JaoMa. 

.(Reklaitis GV, Introduction to Material and Energy Balances, 1983. 
.(1-30.3 JLill) s^lj jr> s^j ^ 4j 3j 2j 1 (JiJ! ia&U. CjIjLjj ^ (!) 
Gj F oli jj U . l.OOxlO 4 lb m /hr ^jliaJI I 3V,jKB <1S JLS yjjl^ 

eUaa-o ^ jaJI AlaJa.j JaiMa. (j 4_ijjj]| Ifrimjj cAjj-ial jj3| CllU£j-a K j Hj 

J] 1$j ^jVl ia^UJ! JUd ^1 3LSS1I Jiss uVj^ <_i^I .10.3 Jj^JI ^ 

JjOaJ ^ sU— Kj Hj Gj F Cibk jJJ ^jjll <( M -30.3 JiSS) 

jUj fj^aj ^ .0.50 j^" 1 ^ £->^ ^ f m^j^ j -10.3 

5 Ji-lM ^iaJa. Jl 1 £ jUll 
Kj Hj F ClLikjJI ^Jc 5 AJajk. ^ jlaj .II AjjIkJ jiaiaJI Aa^ji. 

4 j in ill jLoij j .F ^^ill lilij ' '»■ — ■ ^jLuii H i— AjjjjJI a u.i'ill j i iaSa 

iillj l^jS G — 1 A J mill jLoU j c0.40 <Jjlkall II A kjla II ^4 F — 1 Ajjjjll 
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• l.OOxlO 4 lb m /hr c >J ^ II a±A±1\ <i£ jkss J^a ^jL^j .H _J ^1 



.£jiJI j Jijfl LaU ljjjSI jj :10.3 JjJaJI 













K 


H 


G 


F 




0 


0.20 


0.20 


0.60 


1 JiJ 


0.20 


0 


0.60 


0.20 


2 <Ji J 


0.20 


0.60 


0 


0.20 


3 JiJ 


0.60 


0.20 


0.20 


0 


4 JiJ 4 iajla 


0.25 


0.25 


0.25 


0.25 


I £ jaJI 4 Lik 



^Jjill (jSJdll ClV.i*-a <-Lui*J .l$Ia.j 1 ^jLall J ja. AjjSII JaliaJl Cj^^Lx-a ■ . "<t • 
£ jlall <Sa.|jll Cj| jLiill £Laa. ClLj jLall ^LaaJ Ajllill i.luiill j jLull J£l 

II 4 iajla j| Ajj£ (JSJj J.}x_a (C ' "'J**- J AjjI » ill <jja.Vl ' ; u£l .Aa« <La.jlaJ j 1 

• 1.00xl0 4 lb m /hr ^jlkJI 

(jJjSlI (jaJdll Cljlaut <-Lui*.l 1 j^j 2 ^jLall Jja. 41&1I Jaliajl Cj^^Lx-a ' . • 
jr jM AikWI l-j|jUiH £Laa. ^ CjU £LaaJ Ajjill t-Willj CjljUll JSl 

II 3 jajla j| Ajj£ J}3 (J^a-a (_g jIjoij i llja < AjjI j ill 4j_ja.VI <La.jlaJI j 2 

.1.00xl0 4 lb m /hrA,jikall 

(Jg Lttj (jl (_L>ljLall (JLaxjjaiV (j^-aj .4li-all tlllj (JjAla-all L-lL aa ; AjjYI dlV-Aa-all (jjl j 18.3 

ZrCl 4 + all 2 0 -> pZv0 2 + qUCl (\) 
C 6 H 12 0 6 + aNH 3 + M) 2 -> pC 5 H 9 N0 4 + qC0 2 + rH 2 0, RQ = 0.45 (m) 

CH 2 0 + a0 2 + &NH 3 -> pCH I-g N 0-2 O a75 + qli 2 0 + rC0 2 , RQ = 0.3 (c) 

(*) 

C 2 H 5 OH + aNa 2 Cr 2 0 7 + MI 2 S0 4 -> pCH 3 COOH + ^Cr 2 (S0 4 ) 3 + 
rNa 2 S0 4 + sH 2 0 

.(5-8.3 aJ^UJI) V«j gr* RQ 
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2JjIx^j .CH 1704 N 0149 O 0408 AiSJI 5^2 'Jjj^jVI t> (cerevisiae 

C 2 H 5 OH + a 0 2 +£ NH 3 -> p CH 17M N 0149 O 0408 +<? C0 2 + 
r H 2 0, RQ = 0.66 

:^ J^lStf aLL^, .CH 174 N 02 O 045 A.jki! 
C 6 H 12 0 6 +a NH 3 0.59 CH 174 N 02 O 045 + ^ C 3 H 8 0 3 +g C0 2 + 
1.3C 2 H 5 OH + r H 2 0 

jjc ^JjJ (j^a. ja (jjj^Vlj .(alanine) jjjVVl J-au yjll (jj-ljjalt 4£>^ ^ 19.3 

jlfraJI j ^LaJlj ClL/LwaxJI ^ j i nil Ajllall I jAj-^o 4a, " ' B ^^-uA-ml 

^Jc. Lafria (JS (_j ji^-s (jjli-aila <Ji.J (_£ jLjj (_£ j (JfclLo a j .aim a ajjJAuij (jjjWI ^"'Vj 

Jjix^j pyruvic acid ^ jj^aJI o^^-^j '100 mol/min Jo*^ glutamin jxatijliJI 
^a <]jix^ ^ jaJI ^a ^ j^sJI (j^aJ gJ><J1 tjajoll J^«-o A^jj .50 mol/min 

:0.6 

C 5 H 10 N 2 O 3 (glutamine) + C 3 H 4 0 3 (pyruvic acid) — > 

C 5 H 7 N0 4 (a-ketoglutamic acid) + C 3 H 7 N0 2 (alanine) 

.aLLcJ jjj (!) 

La ? Ala-all (Jclalall A> aaj (j^a-a^. j fjjjjjlxll _/? (JcLiiJI Ji*-a jl^ia jA La 

^atj jlc. jl£ - UlVl (jiaxaJI j (jjiVSU jT jiJI (^3 ^ jaII (jiSill dVj*-a t-lmaj (tlj) 

.saII j ti^Ulaia (^Ij ( a - ketoglutamic acid ) 
pi j^JI ^a JaJI tj^a-a^ JjjliiVI (acetobacter aceti) JaJI Ijjj&j Jjaj 20.3 

(Jjj^ill (Jtlij . (JiJI jj^a^a. ^LiiV o^aioLa JjaVl *JJJ^ 31.3 (J^jill (j^JJ •((!).!'> mi^VI) 
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.Jill ^ Jcli. ^ Jill Ujii^ :31.3 JiAll 



C 2 H 5 OH (ethanol) + 0 2 -> CH 3 COOH (acetic acid) + H 2 0 
Jiijj .1.0 kg/hr Jjx-aj JtlLJI Jl JjjLyYI ^ill JiJI jlii Ji.ii 

ol jlc. jlij JtlLJI qa ^jijj .40.0 L/min J.i*-aj 1 , m M JclLall Jl *l ja cAclla 

• s-Lall j (Jill j'---^ ^^Ic. (_£jia_; (_jill JjLuill ^jjiall jlij Jl AiLjal (A a JJ^-" 

.jjljlo ^jix-all (JelijJI (jl jjSaJ (I) 
jl^La jA La y SQa all Jcliiall jA La ?ojjj;iuill o^A ^ Jc-Llill Jja-a jljla jA La 

?0 2 j C 2 H 5 OH _U om^ll j/j^l 

jill ^ ^tjLill (Jill (j^ia^ jLjj ^ O J Hj C J><*i1 'mil (jSJj ClVA*-a i_iuia.l (ell) 
4(JjLui1I gjlall jlij CiLj^j^i ^laa I £J=>JI <jli£ll Jjajjll uVjxx L^aJ ( ■ Luia.1 j 

.Aa. jjI-^II CjI jlxll 1 "'I |^,'"?-^ Aj«-%,-s,H (jSJoll CliV^x-a j 

IjjAa. lc _«j (jjj a ij^ "II i_L2j£I 4^11*11 ^ ASLkll (j-aij 4 IS ui a ( _ s it ' ■ llajll <U jla^a ^21.3 



280 



(propane) u^jj^ o^u^ ■^■"^ er^ <Jj i "4 ^ijj^' Ij^^JI 

(jja. (jljjLuJJ IgJj^l Jia-aj lilajl aLuijjl Jifca jl lji£*£l t ljUxVlS l Jliodjd 

(jjjjill jliui£I ^Ij] ^»t*JI Jjjajll cS^'j (J-° J^' -25° C ojlj^JI ^jc JcUaJI 

J3UI jU* ^ Lj^Uil .ft .1680 L/hr JtUaJI ^ j^l ^ ^ 

.0.00197 g/cm 3 jjjjSl! ^ *ffl3£ ^jUij .^Ull 

jlall ".'j-jO' Jc.Ui*l <hl*-a t-iiSI (I) 
.^_)iJI Clll jLij j Civile- Ulall ^;<^7» AIajJsHa (Jc-Uall 4 "j^'- j^jl (s-l) 

V(mol/hr) Ji-ill ? _pUI *UI jUi JjL« ja Lo(^j) 
?(kg/day) uWjj^ t> cr 0 J-^ j* W *■-■■-) 

Jlc jlilll 41a ^jlcl JtUaJI (j-ajJa jljjjJI j^Jj 

J&lSSll Uaj ^ jliil (j^-aJI jj£ jlill Jjai 22.3 

C 6 H 12 0 6 + NH 3 + 0 2 -> C 5 H 9 N0 4 + C0 2 + H 2 0 

^jJa j 1 ■ *aj (j£-ajj . iiLu-ui. LjiLi. (j^i JJ^ (Jtlijll l^j ^^-atj jliJI j^'"^ LWJ^ J' aaj 
jj£ jlill JjjaoS AjjIaxu^II Ajjja II t-ijjiall (Jl*«i'nil j Ajjj^JI CL*lc.Ua]l ,j ClLylill L^Li. 

.^tjjkll (ji-sa. Jl 

(jSJj (J^*-a (jlj cClAjJ-ij Lj^Li CS^" w J**'^"' ^ ^**J'".' LSj^ (JtUa <La jialo (jl (j^ajjal 

NH 3 _SI .l.OOxlO 2 mol/daycsj^ ^ C 6 H 12 0 6 JjSjIill 

o* 1 ^ <>*■ W 1 ) 0 2 —SI <_Mj .1.20xl0 2 mol/day jL^ a^j^1\ Jl 
(>ajjal .(^Sl^jjyulj 4.J) L^UJI J_>^>j lW^jS) l.lOxlO 2 mol/day 

J^aj J JcUlaJI iia. . RQ = 0.54 0^' (j' U^'j^^ J&UiSI (j jl j (i) 

. jj^jlill j Lljj^Vlj uiSVl (j-a JS3 i n'l SI Jj^jII j R (JcUill 

(j^ j 4(JcUaJI (j^i *Li.jLiJI tlllj j^all aa 1 *Lilj-a]l j 4jli£ll jSIJall CjV^*-a L-lm^l 

^ ■ iajl ill i ** <N <-.1 a* -ti j ^cjl^jJI 1 ^ '< ^ i a 
*U^aaax 4Aj3£3I CiV jaSI (jiJ j iAjKII "UjSSI jl jkl (ci) 

(_Jii.lj .s-Lallj (jjjj^ll lun^l ^Ij Ulaa « jj^jlill jjiij t^jlaJI LjliUluiVI s-liil 23.3 



281 



L ^Jj .(Krebs cycle) o*tj£ s j>> yr* jj^jS^I ^ s jji&il Cjl^kiJl 

1C 6 H 5 0 7 (citrate) + a H0 2 +£P0 4 -> 

p C 4 H 2 0 5 (oxaloacetate)+g H + rC0 2 +s P0 3 

Cjlisuill JJjj (jc V ciaSS AjjUxuill (jJia-Vl J-iLu <j& Jf*J ^LLt^ill e^A j) Ja^V 
diljpiui Jp. (Jjlia <il AjjlxaJ^II L_ljLaj]l J!>Li. (j-o L_a j_)*-a]l (j-aj .Ljj Aj-aLiJI 

cilbjj .(oxaloacetate) cjliJ jlljSjtfl i> j uj% (citrate) 

IfriajJa j i jj£ jliJI (Jjlaj SjjjJjoi Ifria (_JS iSJ^ L£laJI (j^> j/'^ jj-a g-junll 4 Sj£ 

^ C 6 H 5 0 7 — SI (> 0.10 mol/day a JSL> J^a Jjai Jj** ^ jisl .^jS s jjj 
•Sjrjqjfjbja Jclial! <Jl«i Ai*. j tALU <hL_all jjl j (i) 

?1.0 LSjL^y C 6 H 5 0 7 U ls^"^ Jjajll (J*aJ «.Lal1 Jjijjl Jtl*^ ji^a! jl-lia jA La (<_l) 

c 6 h 5 o 7 _ii ^i jfj*3a Jj c0.80 isj^ Jj^i J i>jai(6) 

Jj-all JjajGll Jjx* j _/? Jc-lijll J3x-a tjm-sl SAa all (Jelsiall jA La .1.0 cSjLuiJ 
<a.jLkll 2 , all Cj^iclilall j £tjl jjll Ajl j-all (Jii.Sill Cj^^x-a L- majj . Ja-Jlll ^3 *Lail 

.P0 4 J P0 3 tLul^Li ^CJjOlill QA 

CjI jj Lisa. <jyu'.%xll (Escherichia coli) ^ LuSjjj^VI _£ja. JjL^aa cat. 24.3 
i jJI JjI J ,_j^I Cul£ j .s^a. jxll CjLuj jjjII j (peptides) cJ,\nnll ^Luj <luA_J 
(j-aU^iVl AaJU^l (humulin) lsj^I jjl _j^yi ^ WAjj^V JLa*l^Li ^Jill 

^LliV AjaJjoiJ (Jclij 4Aljial ' a j (^L) La . (JjVl ^ _jill (j-a ^ j^mll s-Iaj jjjjL-a-all 

aJjS o Li 

:(biomass) Ajjja. 

C 6 H 12 0 6 (glucose) + 0 2 + NH 3 (ammonia) — > 

C 23 H 2g 0 18 N (humulin) + CH 19 O 03 N 03 (biomass) + C0 2 + H 2 0 

(_J jjaw gJL«-a ^ 1 J ulj JJjjjy I <J-aJJ (j-a oJlUx-all (_J^>jaull (jjl^ajajVI ^Liil <iljJa ' albj 

(_J^)Jijll (jj jih'iVI AjfljiJ lg-La j c<aJl*-all ^j-a ' . ^1 A^l^luiall JJC. 1 " ' N -l c\ Su all j 
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.50 mMj 150 mM jUl! 11a ^ Uj-Vlj jjSjiiil lj£ js ^jl^j .100L/hr 
(jajj jSx-o t^jLoyj .100 mL/min J^*^ JcLLoJI ^ L_aL-a jvy^l Cilclia ^a^j 

• 100 L/hr iA^ajlill Clj!ilc.Ula]l j ^rV^ll j AjjJ^JI aJj£3I ^^Jc. iSj^i l£^\ Jj^" 

•RQ = 0.5 • 

.1 atm iai^l t^jl^yj '310 K JcliJI ^ sJjaJ 4a> ^jLuu .mol/hr 

. JjS jliB ^ un'ill J^ajll j (Jc-lalll Ja*-<i L-lma] y &a all Jclilall jA La (dj) 

(jjSa^j <j^aj <Ja .^^jJiJI (jJjj^jVI (j-o 1 kg/day ajs jt.jA\ JtlLJI ^ ji. (^) 

.AjU.)/! Jk. ? jjauuiSVl JjajG Jj*x a-lLjJj Jix-all liA 



® C 2 H 5 OH 



© 



H,S0 4 
Na 2 Cr 2 0 7 





© 







(?) CH,COOH 




H 2 S0 4 
QH5OH 

.(JiJI (j'rii-. ^tij'y »JJJ^ :32.3 Jitill 

Je-UalL Jill jrLuj 0^ 25.3 

3 C 2 H 5 OH + 2 Na 2 Cr 2 0 7 + 8 H 2 S0 4 -> 

3 CH3COOH + 2Cr 2 (S0 4 ) 3 + 2 Na 2 S0 4 + 1 1 H 2 0 
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<_SjLu (ya^a £ jUa C 2 H 5 OH (J^-ll .ojjjJjJI oi^J 1 UIt^ « 32.3 (JSjuiil JS-^JJ 

jja* jIjj t^Hlij jLu aJ^-J-* 3 H 2 S0 4 j Na 2 Cr 2 0 7 j t<Ji.J 

class (JaJI (j^i^^) CH 3 COOH ^jic- jlij :oIjIjj "CDIj l^la ^jsj (Jj-aa 

LSj^i J^HJ 'UjjjJj lSJtS g^ 1 C 2 H 5 OH— II j H 2 S0 4 — II u^ajl j3 ^ ^jj^j jIjjj 

H 2 S0 4 j Na 2 Cr 2 0 7 j C 2 H 5 OH W^j) <^U11 c^lilailj oXiill ^ 

.(CH 3 COOH t5>i ^j-j 

^ :££lOL,) *UI 90.0 ^jliiJ C 2 H 5 OH_U ^JSII J^ill ^jLay 

U ^ill Jj**1I jjaJI jLiill Jja.ii J^*-o t^jLoyj .(7j 1 jJjLull oh Jjaill 11a 

<> Na 2 Cr 2 0 7 j H 2 S0 4 -SI JLQ Ajjyj .lMI ^ E jU=JI C 2 H 5 OH 

lO.Oj tt-S ^ 20.0 -j C 2 H 5 OH_SI jLS l^lkL ^1 JtUHI Jlij jjii. 

<^lj 'H 2 S0 4( > Ujj aU ^ 94.0 ^ jV^I lSj^j <^ 

.C 2 H 5 OH^ 

.<Loj!ai<i <L ajj ^ jLall j»J (Jj^l all L-lmaJj l^l£ <L« jJaxall (J IjjAa. 'Vjl 

(Jj-aill oAa. _jl IfrjLi oa (j^-oJ jLoll (J ja. j I g IS 4 a^Jalall J _ja. *Uj£3I Cllljjljxi L-]Lmab ^tJj 

Reklaitis GV, Introduction to Material and Energy :<> JtlLJIj 

.(Balances, 1983. 
^.UJ^ (!) 

S^o jU'i^U Ajjl j^i Ahl*-« £jja :<QaaiLs) l$K A^i jlaial] R (J&lsoll Jix-o t Jm-sl (t_j) 

. jlii JS (J l_£jx> JSJ Aj] jxll (jSJdll C^J^jlm t-Jjoia.1 (Cj) 
jaJ ,j ■ - iM . ^1 jLj ^ S-l^J-a JS1 Ad] j-a]l <luull tjm-sl (til) 
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A 3 CD 

ABC 
AD 



jj Jcli. :33.3 J&£9 
•CD j A 2 B 



AjJajlslI d^fclSLoll j £j1 jjll 2^2. £ jij j .(33.3 JLiSI) J&lL« 

: jA CD A2B 1 (jiujjl Jcliill j .S ,J JclLall 

A 2 B + CD^ A 3 CD + B 2 :1 Jells 

(jjiSlia (_£ jjlj (Jtliij A^aJ t^JUall s. jjoi (j-a .<i.tijl (J jl^J La jA AjCD ' . '^J*N (jl 



A^B + CD — > ABC + AD 



:2 (>l£ 



A2B 31S Jjai Jj** qa 90.0 <J*-^I (^a CD —II JiJj Jj« ^ jLaj 

_J aJjIII Ainiill ^ jLjjj c0.2105 £j^JI jLjj ^62—5 s j'' <ti 3 1 mill .<Ji.^l 
20 j 'A — ! 10 g/mol :^ oL£ jJl *£>S jljjVlj .0.0614 E >ll AD 

.D _! 15 g/molj <C _! 30 g/molj <B _S g/mol 

. (jjlcliiill "Ja*-"! L_Luia.l 

.(JclL« ^ji CD ^jlc. t^jlaj jLjj £-« Jtlilij A2B t5 Jc 27 

jl j «"i l uU (JclLall (J^utjj . A^lj jlij ^j". ia 4 1 iajl ill ' " l)I cl 3j all j gjl^jll ^j-aa ^^ijj 

: jA CD A2B 1 o^J^ (Jcliiill j .ejaluia 2JLa. 

A 2 B + CD^ A 3 CD + B 2 :1 JcliS 

^ A2B JjajG Jjx* j> Alall ^2 90.0 (Ji^l yi CD —II AJjS jjSJj Jjbt^ ^ jLoy 

jA 1 JaliiSI J jtil .0.2105 j->JI jLii ^ B 2 — 1 M&ll .<J^^3t 
—5 10 g/mol :^ jL^j oUSj^ll ajjjj^JI jl jjVl ji j (I) ojI j?^ ^ J^Liill 

•D _ 1 15 g/mol j <C -1 30 g/mol j ^B — S 20 g/mol j cA 
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Luilla ilcliij 4-aJ (jl ^JUall (. jjji (j^i (j£l .4^Lijl (J jl^J La jA A3CD L_l£j-oll (jl 

: jL L» ^aj 

A 2 B + 2CDD 2AC + BD 2 :2 J^US 

La Jjij (jjl jjll Cllij t_Sj*Jj .(jjljJ-a (Jcliu jA (Jclidll liAj 

_ "^AC-^BD, 



X A 2 B X CD 



Jc-liill liA (JJjJj 1— lit .Sjfunnfl <]UJI ^fl 5 (jajaJ3 AjIj^II 4^11 ^ JC S jl dlja 

80.0 mol j A 2 B 100.0 mol > «j,^'i jjSI j iAj^ j J&lLa jai^l 

.0.50 cjjL^ Z jjl jsll . JftUJ Jl CD (> 

.JjJl-VI J JtlLJI J BD 2J ACj CDj A 2 B oVj- a*. ^'(4 

\A jA\ 3 imlfl J jaj IjlA J Jja. j]| (Jeliill jA 2 Jclidll (jl (j^ajial 

La j , afl <i L_l£j-aJI lillj CjV j^i J^C (J£joi ' . uSj (jl (j^aJ 

.<La jJaiaJI 

:<_£jja. JclLa J JV) jL>aj£]l JftliiSI Jj-a»J 28.3 

3A + 2B 2 — > 2AB + AB 2 :1 <>l£ 

.15 g/mol t^J^ 1 B oJj c5 j^ij '10.0 g/mol yAtM A jjj <^ jLaj 

(Jjla_a 1 . i,ii-%l .0.50 (_JjLjj A 1 ^ .i,n ill Jjaill (jl (_pajaij ttilijAj^a] (_LiC Jc (.{li (I) 

f >ll^A JJjJl jLsS 

. 1 (Jcliill Ri JcLilll Jo«-» <— LmaJ 

Ijl] .(Jclilll JUal £-a (JSJJ jjjlLaJ (JclLaJI (j!>Li.Aj B 2 J A (jl Ljajl t-jjxj Cljl j (d) 

4 CLlLajlx-all siA (jJaljaaL .0.50 L-iaJ (_£jLul1 B 2 J ^.Unlll (Jj^jII (jl (j^ajjij 

. E jaJ j lMI (jjB 2 J Jj-ll tjLSlI J^x 
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.£ j±J ^ AB 2 j AB J JaJSlI i_ba^l (cij) 

csllji-y <j£ t>^ dj— ^ ^ Ija **lu .w A2B =0.094 4W AB2 =0.155 
AB + AB 2 -> A 2 B + B 2 :2 



(j^ljjiLi '^jaJI jLu (w B j w A ) B 2 j A 1 L-mjll <_i 

•(0.50 B 2J 

CjLo jkx (jiiLjl ^Jg. A 2 B j AB 2 j AB j B 2 j A — 3 <J jJI jja-iill oV-i*-* <-ima,l (^-) 

(^iil B2 — J (JT^I Jj=>jjl l.lnrtl (^) 

ijel ^ 8j yjpj a j-lsj^ J&\i- ^ C a H p N y O g <jj^J 4iSJI 29.3 
91.34 g/mol ^jL^ C a H p N y 0 6 -i ^j^l a3A> -^y>S ;u ^ 1 

.100 L Je.li*B ^ 

jjSjlfc Jc JjVl jlilll ^i^j .(34.3 JLill) ^j^l JtUU! J] <Jij IjLu <^ 
C a H p N y 0 5 ^ ji=Jj c^ji. IjLu AJij .sIjA Jk. ^IjII y;ji=sj 'Lu^j 

• C0 2J N 2J 0 2 cJjlill Jo >VI ,H 2 Oj C 6 H 12 0 6 <> ^U, 

jUJI CjIjLu o^Jjal . 1.13xl0 5 cm 3 /min^jiJI jl*3l Jisi ^j^j 

.0.0012 g/cm c5 jLau jjjjSlI Jjj^i ^Ijj 
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C 6 H l2 0 6 jjSjli 

C 6 H 12 0 6 +a 0 2 +b NH 3 -> p C a H p N y O s + <? H 2 0 + r C0 2 

Jftliall jlj tjeliall ^fl LIS hSll^lutj Igjj t Ala-all Jelilall Lu >aVl (jt L>^J^' 

>ll (C a H p N y 0 5 ) Ajj^I M ^IjJ Jajall l^I (!) 

. LaLaj 

• 8j y j P j a fjii •^■(^j) 
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.AjjjaJI AJaJI 2J5S ^Ujj Ajltf. ^ eJUJI CjLaSJj Jj-la. J%A :11.3 Jj-iaJI 



J>»JI Ojj 


£jaJI Jjx* 

f <r / rn mi 

^g/min^ 


f m rkl / m in 1 
1 1I1U1/1I1111I 




1 1I1U1/1I1111I 




32 


7.072 


0.221 


25.2 


0.7875 


o 2 


28 






94.81 


3.386 


N 2 


44 


33.79 


0.768 






co 2 


180 


74.88 


0.416 


144 


0.80 


jj^jli. C 6 H 12 O e 


17 






5.1 


0.30 


Ljij-t NH 3 


91.34 










^ ^C a H p N Y 0 6 


18 


26.60 


1.478 






H 2 0 



(NASA) r'' - -°"j ls-^ csl*5j* <J cJj i . ilL 30.3 

J] jjjj^ll ^C 2 H 2 ^ c l<4 .(35.3 Ji5») f UiJ] ^l—ill ijj 

^Luiai ^fl ( Ai n^lli J ~1 «JaIl ' ■ i aJ .Lijjij 1 (_g jL^j ^ iaj a j^lajl Aj-aaJI ^ jja. j j ^ II 
^L^aill Aj£j-o ojii ja. ^ji J j^. j-all 0 2 JLoxiuAj H 2 0 J C0 2 (j^J^ eLjaill jj 
(j<« 1 AlaJI ^2 75 ^jic j .n'sVl (j^i La^a. AlaJI ^2 25 t5 AC' (_£ jii-S (_S^I) 

C 2 H 2 + 0 2 ^C0 2 + H 2 0 
<J jj| j . j jIjj L«-« j^j H 2 0 i> j N 2 j 0 2 j C0 2 

£Wu«j fSj Jc.l£*B C 2 H 2 _Slj »UI ajL U .0.050 jUJI 11a ^jUJ 

jIjj (J jLa.jij2 (...gjEolL i iia all ^IxUI tilli JSI Jll jjll 
JiJI ^ m^U Jj-all (J2.ii]l (J.3x«o (_£ jL""J .0.80 jjja i aSIiU ^ I mill Jj^ill (_£jLuij 

<Jj** t> 0.10 ^jLoua C 2 H 2 _1] £ jaJ JjJI JLSII U .100.0 mol/day 

<j| (_paj!ial tAli aflla dlLla^J lill^L^j ^IxJall jjl j .^^kll ^jja i S ^jaII ^^all 

Reklaitis GV, qa a miiLi aJLu^J SjaL^ 2JLa. ^ ojjj^I jliicl <j^-«j 
.(Introduction to Material and Energy Balances, 1983. 
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.C 2 H 2 _1 Jj^\\ l^Ij iR JdUsB <_l^I (\) 
jUi J H 2 0j N 2 j 0 2 j C0 2 -J ^ >S J ^IjJ 

• JjVi E >a 

.<jiai c >ii jUi j h 2 o j c 2 h 2 _s cj =j j oyij-ii jLsn M-^ (4 



C 2 H 2 
H 2 0 



C 2 H 2 








o 2 






N 2 





co 2 
o 2 

N 2 
H 2 0 



A^Jd :35.3 Jiill 

f 1 ■ jl JJ (_J^J L_L&jlalVI 

.4jjLjaa 4j^j-« "jr^ J 



(j<a eLall J=»3J 4(J\j-oll (Jjfui t5^ C ' fljJasl! Cjl .ng a\ Ljjjjj^a Jjlj^ill JJjJJ JJJ*J 31.3 

^tu^ jjU'aMI 4_« jiila ^jliJI cLall (Ja»*1mjj c 1 ■ Saill ^1 JJ (J JJ J'^ jJU-a-o J 

Jj . »l i P-iqti 4-^J-« 'J?- 3 ' J) Q^~> '"^^ • J^J6^' cJj^-s*i\Lj (jja.jjAi^JI j jja-m^Vl 

jj^i ^jlaj J=>-VI jlxll j - 1 ■ iaail Aj£j-o jj-o jja. j j lifrll ^jlaJ cAjlLaJI ^Lal ■ aijll 

j;^ JJ ijg SI (j^i JS JJj-iil jL?- ' " la ill (jl JJC. .(jjjj£ll 1 j > .i^l jlS jlc. jA 1 i iaj Aj£j-all 

.(jjjj£]l "inn's! jljj 

• (36.3 J's^ill) (J^JJ-aJI lWJ^ A-o jiala jA Ulla. jjjlaall A)3 J jll ■ aj]| Aa.1 

jltj *Loll (jjj£j] (jj^jjJj^Jlj (jjjj^ll Aiui£l jlj (J'-^y CjiJ^Lo jja a (Jl ajiLoAj 
(jj-N lu^VI (j^a>LiiujV Jljj^ill (JjlVill o.la.j Jl «.LaJI iJLujjI iVn^i (j^-ajj . CH 4 jIjaaII 
(Jjjijj c<j£j^JI J] J'-JJ&^I (JjlV'H (j& ^Ijll (jJa-jjAi^il ^J^ 3 j-" 

jjT- JJ S] ;JJ' aaJl j^^«ll <L ajj (jljAall "Lojlaia Jl 

jjl j cL ,> Jljj^ill Jjkjll s^>. j J jji^VI t> 10.0 mol/hr <rtijl ja i_i^JI j 

(jjjj£]| ~n i n's l jlj (j-o 20.0 mol/hr jl (j^ajjal . (jtlLaJI (jJJ^J <L«jlai« (j-a ojJilixi 
Jl (Jj^JJ JLjj^£]I JjlaJill oii.j J c-Lal! (JS (jlj CjjtiLaJI jJj£i A^i jJala J (33Jjj 
(j^i jj^ajli (Jclila (_jl ^J^ 3 Cfi^i ^ AJLaLaJI ojiA ^J (j^ajislj .(jj^jjJUAj (jj^uiSI 

. (jtlLall jJj^J Jala 
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(^SJjll (J.}«_a j (Jcliill (J.l*-a L-luia.1 ?(jtiLall (JJjSj 4_a jlala J i ^ all (JcIslLcJI jA La 

. (jljj-all (JjjSj 4 *jUii» i - it i j< ,.11 J^] Jjxll 

J^x-o j JcliiJI Jjx-a tjm-sl ? Jl .'Jg^ Jjla^ll aAa. j J &a ail (Jclilall jA La (l*J 

. Jlij$£ll (Jjkjl! ^ oLj jLJI j> J£l J^all Jajall 









H 2 








( '( ); 


A o_alaj a 












H 2 0 




jjjSj ■LajlVm :36.3 JSuill 




CH 4 








H,0 


Jlj^^J^ill JjWill j (jljAall 



jj^jlxll jxcAjJ 13.3 aJLjixJI J ''«■ -j Jll <— sLill ^Lic. a J» 32.3 

UMi. ciuiij Aic. j .( ( _ r ^.jliJI (g^-il j B J jj *■ jj ^ (jl (^1) *U_»aJI i_iLil!>U 

J) CgHj 2 Og jj£_jliil (Jjjaj S-Ti i aJ Igjl JJC. tjjlfiill Lj i aJ V tejj<i -~.il 

: J^liSlI Jij C 2 H 6 0 JjAj] 
C 6 H 12 0 6 ^C 2 H 6 0 + C0 2 

cjjSjkll (j* Lljj Alall J 10.0 Je Sj-Laai LpLi J) ^jLall JiJI jLu (_£ jisjj 
40.0 J.i*^J Jcliall J JilaJI JJ^JI jjSlall jLull .eLo jLull AjL jLutl (j^-aJj 

.40.0 kg/min ^ jL^j J£ (jjLS Jj**j ajsjM aj^c-Vi ^ lJ^-^j -kg/min 

jjt (Jili-JI ' ■ LlAall ^jJaluy V lil .Ajjj^axll CjljjXall (j^i J_jij _>ajl (j-o A jinr.VI t " la u ,-i 
(Jj " ■ IJAall J (j^Lajj V s-Lallj jj£ _jliJlj AjxalaJ lisjii ejiaiJI Lj^>Li. jjIjj cs-Uixll 
(jj c^jj^ji.! Aii.lj (j-o . ^ ■ n'l<ill JJ s-LiiJI (jljjxj V La^jj (_jjl) ^ijUll jj^JI J (jLjajJ 

jLu Lul j j^jj ^jjlall Jl »Uiill Aia jjxjj u-jjiall J J!iUj!>U Jjla J 

jj^JI (j-a C(j_aJ^ll 1 j > .i'sI J^J '(^jj^ll 2"^jll ^_>^JJ .frljiuJI ( — sLill J ' ■ UAall 
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0.20 (jr lc tj^JI jj^JI (>« £ jLiJI J^ lSj^j -^j^p- fLaj-a jjc. C5 iLiJI 
Doran PM, ^iiLa) .JjjLyYI (> lijj <lall J 0.50 j t jjSjkll Ujjj 4lJI 

■ {Bioprocessing Engineering Principles, 1999 

? jj£ jlxll (^JjJiill JjajSI JiLa jA La (I) 
?4-a jjalall ^3 R JtUlill J^a jljLa jA La 
. s-LiiJI ^>jc. (Jjjljj^l <Uj£ (jajj (J.l*-a i_iuia.l (d) 

jLiill ,^5 J jj\jjVI <i£ j ^ jaJI J (jjLJ jLull J jj£ jlill <Jj£ Jj»* ^u.^I (di) 

.i_jjAa]I jLjjj JLall 

.(jjjjill lu/sf jLM ^a-^l j J&ll jjaHll gJ-fc" <_Luia.l (^r) 
ijVI ^Lluj^jI Jjj^JllI «l <^Luij L£L». Jc. jiaj Ljjj^. IMcLio i^AZi t— ul 33.3 
A 2 B + BC^ AB + C 

cJjjLjj Jc. s-Luj - a alt dlL^ ^j-a jffi Je L£>LiJI JJ AiLwal (JtlLall (fi j"'^ Jj 

SjjlLa - ■«. ati CjLjj^j 1 ^ jjl«J (jJ^ J ■ '— *l AjXa jl jSj ■ J < ' '« i aJJ CjLu^II Ij^Li. (jl ^Jaj dul 
.((jjlxjll Jc. oAaIx^II Ll>UJLi t*Slij i ftjL^jj j3| UMiJI i-ijxj) Jjl*-a J LjjISjj 

•0.10 L/min lsjL^j Jja-S J^aj J&ILJI BC j AjBJc. ^^i^all *U JiAi 
jLu J BC —SI c5jL-yj .70.0 g/L <_M1 jLu J A 2 B— II c?j^j 

J ij^ ^ Vj »UI J Lk Ai^ia Lu^ Cj ABj BCj A 2 B j .140 g/L Ji-sll 
cA _S 2.0 g/mol : JYIS ^ C j B j A _J *&>JI J jjVlj . J jl^ll <aL& ^ 
jrjiJI jLu £ jijj . J jaLuiU JcLiaJI Jaxjj .C —1 4.0 g/mol j <B — S 3.0 g/mol j 

i^jiJI jLu] (_£Jj3 t_LuiS ^J=>.J ja^C. Jl Ijiijj .(37.3 (J^joJI) ^jjL^. Jl 

e Ija AjjLiJI ' " & „' j"'^ « (jl (_)^3Jjal .Ailli-all CjU^j-oll jj£ljj ll laJlJ AjjLiJI ^j-a tllLyC 
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4jjUJI <1S jrjiJI '»-^t ^ «^ J 4*jJ »-^> <_S J#^l Jc-UJI J-«j (!) 

A 2 B Jj«-« t_ba^' tCiLojlxJI si* (jJc iLjj . 3.5 g/L A 2 B — SI 

BC j A 2 B j£l ^ l.nill Jjaall jljlo jA La .4laaJ ^4 R (JcUol! JIm L-im^l (<_j) 
(_j jLojj ^^iJI ,j AB jj^jj (jl i^ja cAjjL^JI (j-o (JjJj c^^^iJI jIjj (ya A 'nx II iklj 

.^uyi jit ^(^j (!) jj!>Ji ^ tskatij ^ ^usii Ja .90.0 g/L 

^iLojj cLlAjj-iill U^Li j ill ^ (j^alijj j ^"'"j; * u^'^ Sjle.1 jj^jj 

coJjAaJI 2 'j-^"'ll oIa ts-iijj (jl cJ^ j y^^j lS j,.'^ SI (JclLall 

i " 'I la II ikl JJSJ cjjjuaull 11a s-UjI j jIjj lg_i3 ( _ s j1I ojjj£1I AjjL^JI 

V <d Ji».V .12.3 JjM A 2 B j£l j3 J=^j c<cLji 12 J£ ajjUJI <> 
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Jjix^ i L^aj (oVjU^ jl) aJ^Lx-o ' , 4 12.3 JjjaJI («a A^jXaJI CjULuII cj Jc (^j) 

.jr jiJ! ^ A 2 B <1S (jjiS 

^ jaajqL<iil <hl*x]| 4*u^i J] (_SJjJ jl (jLaj ^1 AjjLijjill S jAlkll £ jj La 
C^jLui) <_£j]l £jiJI (ji AB JJ^Jjl liSjLaiLjS £_a 4 aa uila lillj <]jU-a]l Ajtjj^a Ja 

.AjUVI jL » jaJI) f U 4*jj 90.0 g/L 

La t jjVl A^i jJilall ^4 Jtlijll j/lml |j|j ' ^WjV (^) 
(j-ajll L-lioia.1 ^OJJJ^I 4-ijUJI ,^3 A 2 B II jj^Jj UjjC. jqu.iu.i ^1 A a\Vi\ 

.AjjUJI <> SijiUll A 2 B Olijc jjjSl jj :12.3 JjJaJI 



(g/L) jjsjsa 




0.0 


12 


0.0 


(ja.1 j f jj) 24 


0.0 


36 


0.0 


(lA- jj) 48 


1.40 


60 


2.33 


( f U 3) 72 


3.00 


84 


3.50 


( r U 4) 96 



(j-o dlijll Jc AaIxj Jix-aj ( i i II Ajaajj ^jj-^l JJSl (jJJ j_>J jA (snOfZill) (jjjjjjjoJI 34.3 
IAjjVI AbU-ail Uaj ((j-ojll S.Ja.1 J J AjjSII jj) jjj jjjl ^Luj J J jJI 

P = /t{l + sin[A (f +5hr)]} 
cAcLJIj <j& Ijj*» (»jJI (j-s cjSjll jA fj cA = 7i/12hr j '£ = 10g/hr(j) 

.(24:00 ^00:01) 

? jjjlLJ (jjjU 

11 AcLuill j L%Lljua 7 Ac-LuJI (jjj - • -'-^ j| J ^1 jjj jjjjjjiuill jl^Lo jA La((_l) 



<_1 jC. j-a Aila. (ja^ ^^==1 35.3 
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(jjjj* " (Jjjj^w jl * ; 'j^ jT' j^-aj 'Jj^ 1 j i aj^jjjj^U ^j^LiJI IjJijj . Jjj^JI 

2^.1aj] aLL*^ i . '*<! .20 min cA£ WAiJ^V 1 ' ~" '■ Lo o' o^J^ (') 

JclLaJI 4jAi-a]l j| j^ll Ji.JJj clO L 4 *?■ a iSj^ J^l*- 0 J J-i^ 1 u'nj I J^JJ (u-l) 

IjJuJjjJijj CjXjaS Jc (Jj^ jLlJ Jcliall j« £ji)j 4 1 .0 L/mill Jix^J 
AlAjut <_jj£1 ctulj Jjj Jtliail oi_a]l jl (j^aljiaL) .1.0 L/mill Jja-aJ 

.(Jcliail 

JjiJu jLaJ jll SAaII .Jo La .lXlO 2 Cell/mL — J £p-& & JtUJI jl (jiajpal(cj) 

E >j V aJ Ua (jijsil UxlO 8 cell/mL l^lill j£ j3 ^ l^Dli JclU 

.^jiSI jIjj J ^cJlx^ll (j-a 4jli 

liljij j . K j Na -Jjl jjoJI dllijJaa ^j-ajjj ^;\f'jj; i— ll 1<t «i *Ljla II *Luic. ^ k«J 36.3 
^JjLi JS (Jjlla Aja-jliSI 4jjJ (jSJ AjlaJI j-a^a jj»J j-a Na + Jjl Ai^axi 
CiUuJaJI Jaxj c^JlUJI J**]l *ljj|j .AjlaJ Jib Jl Ifrllu K + 
L) " ' '"'I.' J 'W^_A^J ^..'^ M Jib jjj K + j Na + Jjl_ajoJI jj£jj ^^i ^ 4-aJ cUxJilall 
Jj-asj Jjl jjill jt^a jl Jl Ijiajj .(jlaliall lillj J Jjl jjiil lillj JJ^IjJ 13.3 Jj^JI 
.ATP jjjjj^Vl Cjliua j3 ASUa J) ^L>U A^J cU jjS Jj ^jJSl l_i3U^all oUj^Li 



.AjlaJI jjlij j-ua Jjlj^l JjjSljj :13.3 JjJaJI 



(mM) UiJI Jib jj£ j2H 


UiJI £jli JiSjM 






(mM) 




15 


145 


Na + 


140 


5.0 


K + 



K + j Na + SI olij-^a ajou ^ill (ouabain jjJ jll) ^ JLaxloiLi <jjij cjjj^.1 

.80 mM Jib Na + _SI J5 ^Ij ^jill Jj .LiUJI J 

Lj!>UJI j* ^ ..ill ^ Jj jl tAjjiill .72.5 mM AJill Jib K + —II jj^jj ^j^>I j 
L ^L ai i(phosphate buffered saline) CiU^jilLi la ^a cr =da J jLa_a aI^I jj aI^u 
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oeljjl UMiJI (Jxxj j «4.0 hr oAa ajl»*uiVt J_aia jUll fl^l t"uiiV AjjIj lIAjm '— all 

jjJa s-ljjl AjliJI s-Luot Jjl_a»ill dllauJa^ ^Aaj . JjjLoill (_£jjLill (jjjjll ^La.jjjoil Jc 

tAJi. J£ AjL^a l.Ox 10 5 A-aj <jl j ' 65.4 |im 3 e£ AjkJI jl (_>bjjal 

(Jxlij A_aJ Ail (_paja3lj . ( .3 jl _aioJI -^-o^S ^ Ail (_jl) CIijIj ■ iall (J.l»_a jl j 

till jl Jjl jji CjlawJax A_aJ (jjj Ajlj tAjlaJI s-Lic- ^>JC. K + j Na + 11 Jjl _aiil 

.Aiolc 

AjsuJoji Ifriw aj Jll dlljjjaJI J^c) o-la-lj Ajla ^ Na + 11 ^'<t J-lioa ijnil (I) 

ikVl jjJ cAtL* ^jJ JXl AJiJI Ji.b Na + — II Jy£ jj SjUj^V ? _pUI (aasIjII J 

. K + II Jo«-al jLjoiaJ ^a 

a.laJ j AauJa-a L^auJaJ ^11 Clllli^^l J-lC.) S.laJ j Ajli. K + II '^i (J^*-° ' .'"'^l 

iiVl jj.> tfj J*-'- 1 K + — II j& J5 si*i^V j»_pUI (^1 J 

• Na + -SI Jixx] jLjoiaJ (J 

^ Aa.jA«ll K + j Na + Jjl _a^JI JjSI Jjl jVunrtll jjl jjll SjlatLd AjlaJ ^ jU",„*,„ Ja (dj) 

• AjU.71 (> ? 13. 3 JjJaJI 

.AjjIjII ^ji Aii ■ la-all Ujj^. 1.6 LSj^ Na + II ^j-^ J^a-a (j! AaJj iAillLa Ajj=iJ ^ (ell) 

3 ^ AliiLsj jLsj (^ill (mM J Ij-lia) AjlaJI j*jJa K + SI j^Ji J-^ jA L« 

J_ala AjI^j 2 U'i ^ft lijl ojj£lall AjlaJI (JaJ.i jLi^iVI <_ij jia jl (j^ajjal .dllcLu 

.SjUL^I 



^ 30 csjL^ »UI 



^ 20 ^ jLui »UI 




.da jll 2_o Ajjja. SjLi jj^ stall 1 111 . all j>iU ■ -""I :38.3 (Jiuill 



(j^ajj^i Jl Lgiiij 1 ajSau 1 ^ Jl ISj^a. Aajj^ax Ajjj^l ojLa ^tliJ 37.3 
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dOjj .Alall ,J 30.0 ojlall <J 5-Lall jj£j '4aJl» all SjJuLva .(38.3 

"LjjjaJI ojLall jj .<la]l 20.0 ^jic Ajjjjll s-Lall 4 luij AjJJ VI S-l^-J ' -J' 1 **^ 

t_iL-a 1£jLi Jc 

ja tj £=0.13 lb m /min j a=l 1/min j c*L»ll (j-aL-alal Jj** ja wa jj ilya. 

. S-Lall j« 1.0 lb m (J-aL-alal ^jlaluij i3.2 lt) m (jjujii Jill cl£jLull ^a!ilA <Uj£j . jajll 

Glover C, j« ^mjjL» AiLuJI) .ajjj^II si-all j* 1 lb m oJ^La 
Lunsford KM, Fleming JA, Conservation Principles and the Structure of 

.(Engineering, 1994. 

Sj^ia) i baa^ 2^_pUI (lb m AJSII S jjjIIL SjjL.) '<jt...tl 2Jj£ ^,^1 (!) 

s-Lall j« ^jj <_j3 30.0 C5 ic- aJjIaa AjjJ^. S.lLa j« (lb m Ajl&ll ajjjlllj 

.<lall J 20 l$J3 Ajjjjll *Lall 4 un'i ^ J ■ aJ Ja. 
Ajiuij (jJaji^J j S \ jja II oJ-all j« s-Lall al i aJ "V 1£jLJI ailgJ 4-a_pUI o-lall ' ■ >...■>. I (t_i) 
s-Lall (j-alaj 1£jLJI jl (j^aljjaLi AiaSl J 20 Ja. Alall J 30 j- Ajjjjll 

.Uil J=*J1 J-la-alL, 

s-lall (J jlaJ j;'"^ ^jlj^j jj_alaj ' aK " dulj .s-LaJI £-a 1 i nl aJ jja. j-aJjJ AjtiaS 4-1 jj2 38.3 
liljl (j^ajaal . *Lall Jc eljj J 1 g t > >ij jja. jLljill ^^ajl _jJI AjtiaS l^Jj ^tx^J Jill 

V cUa Jl>aj£ JtUi Jllal (Oe Jj -j-jIjJI l> l.OOxlO 2 g— J CiliLl 

.Ajjill ClVAn-all JlaajJ liljLaJ Jj c^lLiJI JaJ <A j-a]l ClV Ax-all JLutLJ Jj jrti^J 
CllV <aa-l V (_jl) iil£jjj V _}-a : il (jl (_pajaijj ' ■ - ' ^jjj J^^i (I) 

(Jla-o jl (j^ajjij j (a i a Aj^a^ajj^i dll^j jl ^il I j-ajl_aJ ^ii-ajl 4 Jjl J ajS 
4 Arttj (j^aj ^JJja .A (_5jLuii j-ajl^jjll g u <^Lui« jl j 4& CijIj ^a L-iuil '"' a s-Lall 

I^L LaJ dr jUjill J^a 

dr = M 

fc=2 ^ , A=10cm 2 

hr-cm 

?US l.OOxlO 2 g tjj^ 

jUjill J&a-a 4ji.laj J jUj tl^a. LWij jl£ JjVI liLaljlal j! oLuj'VI -^j (m) 
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dr = kAj [/1 



k =2.0- 



g 



A 0 = 10.0 cm 2 /hr 



1/2 



U! 



hr-cm 

(_J jUjjj 1 ^oj1_jj 4j*Ja3 (jLljj l^J^jiiuij Jill o.la]l La JiA ^\>*^ (Jl aatAuilj 

^ UK 1.00xl0 2 g 

.jAjij* Jl jaiIjJI liKijj tjjUjjJ! Jj 4iL_bj <j] liljjj cj>aj Jj djJaall Axj (cj) 
Ajj-o tl^pj JJ^ ' I j/'^ ' Jj..i->.V.< (jliuiaJI J lillj Jlj lilxl jj Jc. s-Ujj 

AcLuJI s-ljjlj . j-oJjJI liKij Jixx \; laJi] t_ijL^jll (j^i 4 1 ml ui t^^^J J f I i aSluiVI ja 
■lift Lulj ^tiL^aJj jfomj -3 4 10.0 g/hr A ajall Ja. LJai. jLjj j!}*-<JI jt Aaj 4 J jVl 

.39.3 J^l J ja L jjj dO.O g/hr 

^ij-aj J liKidllj (jLjjjJI ^■"V" '(I) <_S^ uWj^ J^*-a £^J"" (Jl axluiLl 

'l.OOxlO 2 g <_S UpliS J-oJ 2 . U'a j (_ajj^j]I t Ajj c^j^x^jII Jj . .la.1 j 

20.0 g Jj LOOXIO 2 g(> j^jljJI <Jj£ JiLa Uajxl^j jll S-Lall ^ 




J I L 



1 2 3 4 5 
(hr) ,> j» 



^aJjJI :39.3 Jiill 
.c.Lall J dil^jjj^ Jl 



Jujjil JJ ja. l^Lxio^ Ljja. -4<ft» aLUJ| Jill i jJI pL-a&J LjlU. <e jaj 39.3 

ja poly(lactic-co-glycolic) acid (t*SjLlall Jjljkll j (jJll) j^xla (j^-^j j-^W 

Aj^jjLa^l «l jJI j plixll j djjal jl JUlj (_pajiJI li$J LJLa. ^ i — «* ■ jj ^ jill li& ja SjLa 
CS.I j^IIj 4Xaa_a Uj-Lo (jjlLall Ajjj£j-a Cjl^)£ ^'u^i (j^aJ . (jLuiiVI ^ ' n7> J LgJ1 axluil FDA 
J^ .til g ^ ^ JJJXJ ^'^^j (j^-'y "— ^ J^' C^^l ^J-*^ (j^ajU^ai. jjjxJJj 

.^1 J pljJ t^lky jLull JaUJI 
^ <i mi nil ^IjJI ^ijAJ jj^pj J AjjjfLia]! oj£ll Ja3 JitlLa ll laJjj Aj^>?J iSJ^ t — ^ J 
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40.3 jLill jjjj .(fluorescently labeled bovine serum albumin) FITC-BSA 

JJjaJ 4^.Xoj (j^-oJ 4jl -1=>J tiiljljLlJ (jaljla ij^la eLijl . JJ^pjll ^ 'lVl.fi 

L Leo 



re 



1 mg 
20 day 



exp 



20 day 



.Lajj (jjoitj -ixJ ojJ^jaj lS^J^J L?^ s-IjjJI jl-lLo L-lmaJ . I ja.1 j Lai jxj1l<i 

ClllliJ j_>j jA Clj^LlSLubttll lillj - Saai SjU 11 »1 uir- 4 alia all i'<M^..J ^ ^>°;a. <a 40.3 
(cill jjaJlj LiiLii] 4ja.jLiJI 4 j i '-»! a II (jjj (Jj^aljjll (JJ^ i aJ ( _ s it (_Lixj j^g&j cs-Liil] o^jjIc 
4 'j» a i "'^ jaL a aj Aja.jliJI AjjJalaJI ,j oJja.j-a (jLjill <Lla JajLj j - aolj j UjJa.1 1 ,j 
(j^ajj 4cllij (jl A-jla II Ji.lj SjLuuY (j^-oJ ' (jl ' ^lIIVI IjA (Jjj-aa. (jja.j • 'LAt i 

* t S * c 

^ j II ^JajL« ^jit dt)l jjjluiaJI .li. jj .AjliJI ^3 gJLiJ jl (jja jJ (jl i "'^ a al] 

.A-aj|j 4£ja. ^ ^jAj tlfraJajqi ^^Ic j 4 ;KII 

0.06 1- 




40 60 
(day) o»$ 



so 



100 



120 



.O-jll FITC-BSA *IjjS :40.3 JiAB 

2LikJI 

lAjSlmaJ aJ j (_5_)i.VI sjjij-all CjUj^aJI j iajL^lj ' " '1 ijJ j^)JI j '"'^ "-^ Uj-l3 ^-iijJ 
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tlflfLffigj <"<N ^ La 4 ini'i ' t^llJI J J .AjliJI J s?^'°"' 



J i-<N <»'.,„ [j\ (j^ajjijj 4-lla II s-Lic. ^Jajm JJ I— lAAjl Lj-La JL1I JJ-^J 
.AxllJI Cll <iiiA 11 J j tUiill Jc. Jill <"M;a*...^l Jc Xojxj V AjLkll 

Jl AjlaJl Jilj jj-a (Jijjj t di\ IjJ jjJI ^Luaj <al (j^i AjlaJI J is.lj.la. I " ;«* ■ " a -lljJJ j 

.c^ jSLoL all a£ j^J lU. nM L>i j^j 41.3 J^ill .l^Lic. 

' ' "'/-V fill s\ 

.[#] aJ^JI ^ Jc c^ULolJ! Jill 
.[#] ^ILII ^AJ J O^LSl^l] Jill isJI 

.[#/min] cjl^jSIuiJI ^lik-al Jti*^ :V S 
.[1/min] CL>LiL^aJI jjjjG J}** Ci^ :k rec 
■ [ 1/min] tfu«A\ Jo*- cdS :k deg 
.[-]iiKij Jill i-iM 4 u.i'i :fx 

.[1/min] ££k&x*A (^^Ll) uA=jj l&« 

.[min] ty>3 '-t 

Ja .(7?,) ^kJI Jt Jll c^UkuJI j«J Aaauu lA.ij.la. £-a A^ajPi La ^^jl (I) 

ALU-all l_Jj£l ?o ^1 o jiluia ?<jlc.l «*V j»l AjleliS ?Aili^a ^\ "La. jjLi A-a jlalall 

• AjlaJI ^Jajj Jc ' * ; «*■■■■> W JJc. jjxj Jjx* I a ■ aJ Jill A_aj!>Lall AjL_allill 

jSluLall JJjJj j ^lilu-al j (jjia jJ oiA Aj jl j-all Aljlx_a qaj^sHi q\ ' ■ La-j 
llll-la. j La! .fc e i? v JLilLi AjkJI J Jill '"^ jjia jj j!lx-a Ajt& jLaJ 

.[ #/time] ^ J^all 

(Ja -(Re) *.J?-^ J J^ '"'^ iiiluiall .1x1 ■* OA Ua.lj.la. ^-a A-a jJala ^Jiji 

^AjltliiV ^1 Ajltlai ?Aili-a ^1 jjia A_a jlilall 
.(Re) J J^' .'iM;a"...^l J^C jjij jAx-a ei-aJ Jill A-ajXall AjLalaill 
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i-M <SjaJ Kin i« j^j :41.3 JSJJI 
■fit 'Vj 'A: rec '& e 'fcdeg aIVai ojSi^JI AlaJl 

'^deg ^JJ*J-a]l ^ JJ*J £-« R s JJXJ (jjj t^jjUJI JjK'fl JLaxIuAj (tllj 

L_±aj CjljjiittU 14.3 (Jj la II ~jati jj^aljjaLj i(jJ»-o lJ ?■ * (j*"^ 

t^Al^ fjf iV s 'fc rec '^e) &deg JA^- 0 OLkki-o tdj.ll jjSj jl 

'^rec '^dee 



.dSbSiuwll AS ja. AaLlS ^ :14.3 JjJaJI 





5^jS1I 


[s^li jii] 




130 


[#/min] V s 


0.050-0.0020 


0.010 


[1/min] £ deg 


3.0-0.030 


0.030 


[1/min] fc c 




0.058 


[1/min] k iec 


1.0-0.010 


0.010 


[-]/« 



Ji^ 41.3 

Xajj .(^jUJI CJ ikJI jpj ^ SAj^^l SjA^kJI ^1) flijaJI L_aL£>U 4^-jUJI 
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aIaJj 



aJaJI <J .UL&L ejkna t 5Lk l.OxlO 5 _i S^jll 

(jjjjj . All jlil Ja*-« UaljJJ 4l_iUfyl SjUi*. LpLaJI lAp LaAic j tLpUJ Ail jj Jax-o 

:Jh Uj ¥ gen All Jill Ja~ c a4 . JaxJI <a11a J Jiill 42.3 



vp_ =l.0xl0 6 Cdls 



gen 



day 



sin 



tn 



12 days 



CjjIj Jax^j LlIsJI Ci j^i j .(days) ^LjVIj (j-aljALa o-ojll / ( jj 

.Ljj 12 axj JtlLJl J t£US jac . 1.0 xlO 4 cells/day 




10 12 
l^UJ Jil£2 Ja^ :42.3 JiAB 



6 8 
(days) t> jJI 



(reporter genes) aU j^ll oliraJl JUxU AjiiaJI a^JU all dj ^jU5JI 42.3 

SaIc. aIuI jaII '"'I ilsJI (J*->"j .AjjjC. ' "'I ''/'JJ.' ^l-"j (J 1 - Lj^-*- Ac a SjALo AjA^aS 
jjILo (jjla 2""-" <_^j A^l_^iui tjj^" u 11 CllLoJ^iV jl I A Ij i ia a jl oj_jlLa CllLjjjj^jJ La] I jj-«J 

((3-galactosidase) j\±i^j&i\£. liu ^jjVI j cU^j ciiLiiaJI <>aa ^a^Ij J 
o-) ONPG aijj jjl jjjjiSVlc- - a - Ijjj - (Jjiia jjpjj - jjjj A^J jjill J'j^j ^aSI 
o- Jjajjyj _ jjjJ ji^>Vl ^jji-ll Jl (nitrophenyl4^-D-galactopyranoside 
^ jJI J jUI Aic a ;kll liKaj JjLu (jx «. jjjall (j-aL-alol oiLL .nitrophenol 

.£ jjlall lift jlAlo AjAaj (jSLaJ c420 nm 
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: (Michaelis-Menton) 

-d[S] _ [E] () k 2 [S] 
dt K m+ [S] 

. jjlLa - (jiijlnK m <UjU* <_ji <i«iuL4JI CjI jjlLi U I :15.3 Jj-iaJI 









ONPG j£J 


mM 


[s] 




mM 


isl 


((3-galactosidase) ^lijYI <=jjj7l jjS J> 


Mg/mL 


[4 




umol/(|ig enzyme • min) 


k 2 




mM 






min 


t 



UyjUjj ol^j .K m j [S]j [S] Q j k 2 j [E] q aN± Jtlaill SaJ 4Ji^ ^ (I) 

• 15.3 Jj-^l ^ '^j^ c!jIjj«j-<JI o^a 
[£ ] 0 = 3.0 ug/mL , [5 ] 0 = 2 mM J o^JOL ( M ) 
' J fiT m = 0.161 mM, fc 2 = 0.006 [xmo\/([ig enzyme • min) J j 

j*j [s]^ ^ '([£"] 0 =0.3 |ig/mL ) j jj£ 4jj j^j [£ , ] 0 4_ a ja >'i,h^ 1 3] (d) 

i llUI ■ <alll (jx - ■ ua II «l (Jijj] ^liJI ^jic ^.^ijj 2 SI , a] ^ , aj ^^Jc. (Jxaj tlul 43.3 

(jc. jjII (jr lc s^tLiuil]) (Nicoderm) jfLjj AiL^»] LJU. ^jJW j^. jaII 
(j j jjIuj jluilll j estrogen ^jj^jjiuiVI cCjUj^ja dliilj-alj t^QvvViB 

1 ^jLuLi l^aJajj A^Laia j tAaiajomj Aiiij l$iL llaJI AiU^il i i.^*" .(testosterone) 

j .ilaJ W^W* oAj ^cLJI ^ jj <_sAj .(1-43.3 Jl>ill) in 2 
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(j^i el j^ll (jl^aS CjI jliia.VI J (J-aAl SSI , i 'a ; , ^ jj j .j * i aJ Jc. S^cLuiaII 

.ASL-alll ja 




JSj .(jxjll £-a - > aa II ^ elj-^l jl^La j aSI V'; tlijl j£i La] lis. j .(I) jLlLLVI 

IAjjYI Ablx^lLj JastJ 'J «4SL-«11I cl jjlll Aj J-iij (^ill j!l*-a]l jl iiE jaj 



day day 

J ^Ll 1 -^ jj J p 1 ""> ^ <_5^j L>° cJ^H) frlj^ll jl (j^aljilalj • j-aj^l J» / (j lil 

?<«Sjll jx el j^ll Jajj JLa jjJI j^> 800 (4,g J A£aa-a Ail . <al]| jl j tel jgJI 

jklll J*aJ aJjL^ J :(m) jW^VI 

Ja (JjlLa J AJ| jLuaVI li* J (_H=JJ2l .oJasG el jJI (Ja_a (Ja_J IllaJ j^> eLajl Ja.,1) 

jjjjjLjiLa jjjjj£ (J-lLij juaiaJI j« eLa 1 JJ,g gaJ aj tAjl i aJII j« ^jsj s-ljjlll j,a 1 |4,g 

600 (0,g J el j^ll j* 800 (0,g — J AjI^JI ,J A£aa-a AaL-alll jl (jiljjiLi .(eLaJI j el jJI j* 
?Lajj 20 Jxj Ujj3 Jjj ^11 eLaJI j el j-JI aJj£ j« Ja jliLa jA La ceLall j* 

(j^laj Lpl i_LSjalj tAiL-alll jiC eLaJI AajaJ CjljLua.1 el jaL lilksj 1 JLJ jLua-VI 
ja-aj («ill lilli] L^jLLa ljLua.1 '^xjj .el jgJI J ja ;"j eLaJI ji j ijiaJI j* eLaJI 

jlfill jjfLjj < lla jl j la. SjL-alll '*'! ia.1 (jjaj tliia. AjJJall i-ilajiuMI J oiaj (jl 

(_^ill eLall ialllj ojali* Aj-aai oJlLa ASL-aUl JjS j .el jjJl Lja'jx-a 
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V :^L.) .(lj-43.3 

s-LJI ^ j_>^ cIdIj Jjx^i (j^aljialj .c-LJI (»ljc. " 500 l&ja ^Ljl 5 (J£ 4-fa^ill 

.l^-ia s-Loll jjji (J^*-o ' LuaJ SJjlx^i tAjL alii jj-a 

(Jia-o (jl lilliaj (j^aljilal t— 1 . in iV^jjaAM Ijjj^ W^ 3 ^ ■ " ^ * a J.' •('— J ) jW"^^ 

Jaj <j-a^ill ojLJ ClliiC AaJ j Ajj^jII 'i-llcj <JI L_lUaJj tclulj <SI i <alll (j^i sLa]l £ JJ^- 

. f y 10 

oiA jijij .(jLilkVI aiA 5 <J£ *Lo ls' JjJj J liaise V :5JaaiU) .*.U 

SjUa, Aj^Ut-o ^i^i .tjjUj (jjjl <jl ■ all! (j^i *La]l ^ jji (Jjl*<« (jl jJaJ '"''1 4 "Lajla-all 
. Cllj dl (jjjlixi.VI (jji^jlill (jjiajlx^l! (Jl <nr"linU SJL^alll (j^i f.Lall ^jji (J^*-o ' L^3J 
(Jjbt-aj AaJ (j-o s-Lall (j aJ aj l^jl ^auj <Sl i aHI ^jic. CjljliiaJ lilliaj cSJrS '(^) jW^^' 
s-l J-^l (_K a (J jla 11 L_al£ (j^i IjlAj 'Li-ajJ (»l JC- J J*\; * 100 (_£ _q1-juoj Clulj 

pljjj *LJI fljtjjli* 3000 AiL^iJI 4*^ ^Ljj .jLJI J\ aSU^M 

^IjC.jj^axi 600 — Jj (j-o ^IjC-jjfLia 800 — J Ajxijll JlrLj c t_J jliii.Vl J La£j 

.Cll jl ila.Vl 1 **» i ia j (^jll <]jU«_<Jl (J nT - ! i nl cAiL-alll (j-o «.La]l ^ J^=- ^.Attj] .s-Lall (j-a 
jjjSLlui (Ja jC. jj^fo 3000 (_JjLjiJ AjKII 1^*i» m AiL^aill ClLjjia-xi (Jj-aj ^^1* 

?aJ£3I 1^'wiii 2 a , — . \\1 oLijj^-a J ^^aj Jj3 - ■ ^ B Jl LJ£ (Jajjl *1 j^l 
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l^ha jalj^lj yiljfeVl 1.4 

2 SI jail j Jxxllj Sjl^aJI <lua ^ jji 
lAja-ua 1 ij^aJ (ill J ij ij a jHU (JjVl (j_jjl^l JL'.'^"''' 

.(heat capacity) ajJ _>=JI (enthalpy) <^JjaJI l? jia-aJI ^ i-i^j 

Sjl^aJI CjIjjaj (jc j ^3^' L/" ^ ^7>U11 ^jl^pJI ,_£jia-a]l CjIjjaj L-lLm^ 

. ^ j ax > <a3l j 

.Aj1cU£)UI Z*. _£LJ Jaill Jc. AjKII 2ilkll JaUajl <hUx J-ukj 
"o^)\j^. j (Jj^uull ojl^i. tllliLiJ (JLoaJjoAj (Jclijll ojl^i. i_]Luia. 
.AjkUSlI Ajs. JILaW Jc AjK]| 2jLkll Jaliajl 2Jjlx^i (JJjki 

.ejjilall -k'W Jc AjKII AaLkl! Jaliajl 4jjlx^i j.;;^ 



^jjjpj) AiUall 1.1.4 

(Jtt"i i n'l ^ikj ja-j-aj ad] £J^lj JjLiaj Jaliajlj 4jjl_j^i CjV^l*-a j)j' 11 ^ all (J«t"ihij 

(J^nJaJ Jj LJlc. ' 4 " ojjjJjoj jl "Lajlaia AiUa <j3l^o jl l ■ '«»* (JaJ jj-a AiUall laiaJj j 

Ajjlall dl jj^jll - ' _ '*'t cLatj 1 a^i (jl mJ^l ^in^ si ^UaJj j <SI Sail 4jjl j-a Cj^jla-a 

<JjjaJI Ajj^Aj^JI -Uiiti ^j^a JJl&j i^jj^JI Jla Ajjj^JI AaJlai all dAjujajj Ajjj^JI 

3jjl j-a C^Asua JlaxU gl .A3LkJI JaUaJ ALU-a £_a J-aLxjll J IcjL JjSj jl Jj i^ja^Vl 
J till jjij Jc- j <jjLi«j£ Clilclij Jc (JaLuS Jll -Uiiti J ^ jjuill jilS AaUall Salia j| j 
4lLaVl (>a £jj j ' LlL J 2ilkll Jaliajl J - aill IjlA J (jlkiui j .Sjl jaJI j la« ■ '-H 
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(^Jc. 4JLuui L$-Jc JaliaJI j AaUall J^Liloil j) .<£ jjaJI J jS jll j aL^JI AiiLkJI j^Lwa^i ,J (j-aLa. 

. L3J lil-i-v ^ ' *"* J^ jj^aiaj] Lj& j^. AsLWll Jali^jl 1 
eJ jajaII a jaill ^jj^iJjj *<V Ajjj^JI SSI lal| jjjJaj jjjjjj^JI (jiui^j^all Asj3 jjj •'Lojj 

.AlLkJ! JiUaJl Li^lij 




AlUJI jrlj-l :1.4 J^l 

http://news.bbc. co.uk/2/h 
i/science/nature/2523241 

.stm.. 



cdLLaxJI oiA (j^i (J£ j .liljjjC. ^ liLoJj cLjjIjLuij (jljaJ S ij, — ■ j \4 liLL^aC-lj ' qx&jju 

fj\ .<1£L (^5-^1 jalxiall (j^i Lj-jlc J' aaJj dlJI j iAiUa ^La»J (jLuij^l aurt ,j tl* JJC. JJ-iS j 
^aijjJ (^jJI (_jA ^1 jgJI L-l)U1luVI j ^Lill J' ^ ' ■ '-'^ j"'^ J A un«.till AiLkll jjj o^Sx-all <!DLl1I 

J] V <j£l <4.2xl0 22 watt j=J ^ ^ 'o-^J 1 ts* uj 

Ajinai*!! <iUall j .Lijjij 10 17 Watt <_5jUjy J/i > >< jljlLa (_J jjji <aUall lillj (j^ O^jVl ^jajji 

i u^ jpll dll L ^ t " 4 j i u is^j Ajj ^lSxal l djl L> aatJ al l j Aj ^ai il l c_lll_^Ja]lj < " jul l I g 1 
1 j * aSl (^IS ^"-^J ^ j' all l_JjSjill (Jtliiij ^j-^ II (j_jjj£ll (j-a (jia 10^ 4-Jjliil La ji iall 

dlL^^-all (J^*"uin ^aJ (J^a ' j A ;j i iaC dlL£^a ^jjj£j] ^jiajoiII ^jjJaj c-Lallj UJlJ^ 
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tVLaaJj .Ajjjjl jl u • aaiiall Ajii ' I g aJax a jj£jlill (Jj-aJ («-^l tAjjj-iaxJI 

.^j j. utt ■ t 'j< ; v.<-. Jl bjluu 4i.hmiII 5iUall (j-o l.lxlO 14 Watt Jj^*',' 

» ■ <aA j-a 1 fejlc J . (Jj coj-JiLui ^jo^.'iill «. j-Ja j-o 4iUall Jt illlaja all - laa a (J' aaj V 

i JLiall (Jjjjoi Jc. .Uj j.^i 4j£ja dlLb a» la (JaU ^lill OLjjJaxj-all jl Uj j.^i 4j£j-all dlLb iaatAall 
Jai (> tOUl jj^j ClLlii J iCjtiLij Jab jll ^ ja-VI CM jjaJI j CjUUill jJull jsL 
1 ■ £j 1 al Al jj ijLuiiVI p"'^ J J u'j' ^ ' ■ Ij^jlH j-a Lj.ia ^ *' AiUall Jc. Jj 1 aa SI 
^j-a-jii ^ jl aj£ (_l£j-a J jjaj AiUa Jl J «Jall (j ^Jill 1 " 'I IjJ jjJI j jjAAllj till jAiA JJJ^ll 

^Jix-a ^iij ja. jAj t (adenosine triphosphate ATP) jjjjj-iVI cjliui ja ^^^j 

.AiUall lill^loLall Jaill j J^axll jiaLiijVI j Ajjj-axJI AjlSLjll Ljllial j-aj i<jjlaJ (AlljjjAuill 

jl j c<cLJI ^ ajJ^P- j\£ 70 (_5 jLoiJ ^jill (_Ja1 ^gjaiLuiVI L_LilikuVI jAt-a j! LijJajjal lil 
Jc. 2 SI HI j« jAill ^-laa Aj]J ^Lia_i La jlAia jl£ ( (j aa ui jLila 6.3 (.^jLuy ^ILxll jl£ > a AiC. 

Uj3jj Jll AiUall (> <lall J 0.5 j-a cjsl JjLall Ijaj . 5.1xl0 n watt jaj J^ajVI 

tllla.Liia.VI ^j-Jj (jl j^-aJ illLiLull J <j j j-- all <SI jail (jl (_jl J'J L -**^ ■ ■ 'J^jT'^ .' clltjLiill 
J 1.4X10 13 Watt J^j jj^'nQ (_>^jVI jla-o, ji VI .<£J»iJI (jaiaJl Aj^il^VI 
JJC. Sal m ji* ill dlLa.Liia.1 jJa« a i«jLj V j .AjSJjII j s»1 i^iVIj (Jiillj lall Jla Aj^i jj 

j il ■ a a AiUa (JMiluiV (jjl jia jLuijVI JJ^a (Jj j L iall ' ■ lj£ jill ' " ll J ■ -*" j-a Ajj!)laluiVI 

tllLil jJaJI j CIAjLuI] Alialiall LiliJI (j/i jjiuJI jiL^La JjS jjSi (_jill c^jjiaVI Jj3 jll 
jJaLi j-a jl j-all lilli ^jaliuij jajj .AjtLu^all (JjJlll jjijjjII 1 laJLall JJC. AsUall ji'<" cAjAall 
(j^a <lall 85 jaj (_Jjjia.VI J j3 _jll jjj£jj ^Lijl j3jJj .AiUall j^a Lula.Liia.1 AjJj] J^ajVI 

.1.2X10 13 Watt jaJ j <(>jV1 ^1 AiUall jjL^a 

(jli t<JC.I ii all J jJI ^ ItjAki ASUall jjLwa-a jj£I JiaJ JjiaVI Jj5_all jl jja. 

cj^ajVI 1— a_ja. ojlja.j '"'1 laja allj jLjjVlj jnnnill j ^Ljjll Lj-La j cAJjAiJI Ailiall j^L-a-a 
jl «.L)j£^]l All ^Lijll AiUa (Ji"l 1 jl AjjI _a^ll Clliixll j^ajj .IjLuiiil j!i£l ~y LjiijL 
A^Vl Ajjjil t>jVI jL^J ,Jill j^l AiUa ^aJJI ASLWII Sj^a.i J« »"iu'i j .eLvall ^tj-al 

AjjLa jj^ll AlUall 1 " il laa a Aali n'l j . Al jjjILi '■«■ j cs-Lij^ll j jaLuill «.Lall j "og.1 .^iVI j AjSAilLi 
AiUall j-a Alall ^ 10 jaj LJLa. Jj-aJ ^Aj 4aLij^£ Jl Ljljaj j cLall ja Sa! jlall AaUall 
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Clllclijjl JjjjS ja 1 *'l iaja *ll ASUa ^l^jiluJ (j^-ajj .oAalLall CllliY jll J A^lgioiall AjjI ;j;*^l 
AiLkll jl .A "ha* 11 oU-all j *>;^ U,„ll olj-all Sjlja. lUlL^jJ A^aikia II j AJUll ^Ij-Vl 
1 Vil ^U J i* jj (J£ji JJ L^Jjjajl aAiAa. (jjjl_)k Jl*La"bjilj a i — * jl JJC- j oJUalball Aj.li all 

.Ijjj£ 1 jinYtih LjAaJ (jvlfLaj 

aIjSII Jiluu jll AjjjaJI AiLkll jA ojAall oAj^aJI AliAill A*Lkll jjL-a-o ClVL>a aJ jl 
L-lLicVl j jLaujiVl ja Ajj-jaJI Ajj£ll jb j .(clAjliill ja AidAall Aj j » II oJlLall j^l) AjjjaJI 
^■•J' * a *^ tlAjjfLallj cAjcljjll Aj_ojljll glil^aillj clAjLiill J tL&^lj^ ja JJJ^J ija!i\\ Aju^jji 
jja H Ajijll jajJj .AlLk j (_£ ^ j3 J (j*^' tj a»"' ' i*i «A_il jiall j A.IC.1 L all i"iM . '—all 

(_gl jiaijj ^ii gaJ (J_j^£ jA (J_aj\jjVl3 t (Jiill Ola.liia.1 ( jja II (Jjj-lllj (J_oj\jjVI Ailial jaj 
dljj ja jjj-aj (ester) J*^) jA jja II (JjiAll j .Sjill (Jla CIiIjAjA _ijj£11j A.UC. Ajjja aJjS 
AjjjaJI aJj£1I (3_)^ C^iJ •*>JJ'^ 4 1I ^ ; ^ uj jl i— ilia all jl dlLil jja II jjAA jl jL-aiJI 
All jll Ai_)a. j^aJ Jiij J jij Jl I jjl j aj£ lgjj_aaj j^-aJ J' ' ^ „'J3^ J^*"? dWj^ 

ja jj^a jlc. J] AjjjaJI aJj^II (Jj jajl Sjl^pJI diljlill jJj£j -k*' (JaT*u.n j pU^£ll 

^uij .^Uj^ll Aj1j"i J AlLaxiaV jlii«Jlj UJO^' A?^' tlw^JJ- 2 ^' 

f I J J 1 "J J^-i lWJ^ LtiaJ A5^)^. (jfLaJ ^5^11 jjljxall jlc- dltj^all J Ajjja II 

Ajjj^JI AiLkll Jj| j3 jl Vj t JJjialll JjS t— ill jLo Ajjj^JI ASUall JjI ya J^t'u.iI CjljlSj jl ^aj 

t 

j| i w ^ Aj^laJI A s l all Ajlu j Ajc-Lal=>.l j AjjL^aj^l l . Ifl l A^aJ j^lj .a^jJJ^ j^ a^J ■ l1 AjjL^-aII 
La J j .AjIIc Oli ^laj a i aJ <ij ^3 i_j"u jll AjjSllI CjUSxII Jl AiLial jl ; ■ aa II J 

:^ jJI jjjjjaJI jj'"i'^ -II Aa.ljj ^^1 AjjjaJI AiUall jJiij AjjjLall jaJI jixj 
^ lui ill jjll AjjlLaj jiJjiil Ajiilaj (^'^A 3 Jl «»'i i ul jiu:Ai^all Jc : jYi-lrtll ^JjSj • 
Ujj IfrKjU-uoil jLaj (Jll AjxuLuJI j Aj^L ajSVI Al j;g mil j tAilii-all aLaJI AiLkll j^L-aJ 
^a-aSJI AjA^jII Jc AtljaG AiUall j SjLall CllLj jl j-a jl AjJjll J I ^ Lc.1 a a j cLpls.li£ j clAaC. 

.ojjjjjoj (_jl ' " ll jiaa *j aa J AjsUa iiEiUj!lu:lj Ajljlxjjlj jJb-a-all ' , 'J L ajl 
.AjjoaJI AiUall '"'I j^T-"' j Jill j j jjUs (Jjt i*n j &l^J " ' "**' ' ; laj * - J a ■ aHll • 
CIAjY jll il ■ ajSI JS2 jl AjjJaJI AiLkll j AjjJiJI Ai£ll CjLiLiul j£-aj laJjlm^H JJjiajll • 
JJC. ^jjja.VI Hj3_jll Jt ^LaJtVI j'-J''-*; A-ajAjJ j!i£l Jl >1L*1I j e la-Lttll 

^Jjluiall jjjJaoll j»l J-llI Ajj^-all CjLuijLiaII j dll ajSLaJI dll > A j i n t _j»'sir*i jl l ■ la-lj . JJlalball 

. I Alia Lai Jill 
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Jjla Ajjj^JI ^VjjJ (Ja«j .(jjiLillj AjjLijllj 4-jj| jl ojjjIIj Ajjj^JI A Sj£3I ^lijj 

(Jjc j s.l.}x]l j si ■ atj ul I j dla ^^ic SjJaJjoJI ( _ 5 it oj^Lall '"'j-- (j^i 

4 ^tijj SjIjj *— S^J ^ >>*il jVl (Jl aatAuil JJJxj] ^j^ajj 4 alia all a j ll ■ a a ^j-a 

^Jiill ^ji Clljjij (_£^jJ (jlj (JjiLi^Vl (_K»xJ <jluaVl (jlaljall J-aAj (jl SjjJ^JI 

.^jJ^JI 

ij^j a^LJI jaljjll jl JU Jijj J ^jy^ yuj > u^y JaliaJ • 

all oU-all __pL^a^ j t<ja La-uill oLiaII Sjj jj sJj^j tAjSj^JI oLiall 
.(jLoVI (j^a iljj ^gJcl ;j a i aJ ' - ua J AJjAiJI AiUall ^tljj l^-ljl J 1 ' ^j" (jl ' J "Ol-»VI • 

i ■ la-lj . (jia jL-all jlixkVI j *„"" 'JJJ^ 1 <"'! jl-*-* ^'"7- ^- (jl 1 . l^Jj 

.L}3^)i. l^tlijlj CjljjjJiJIj Clll jjg^jl] (_^uJjlLa]l j jjjlx-all £->-aj 

Aj] jj] (JjjoJI (Jj^aal Aj-I^J ^ IS ■* a <aJl» aJ jJlxJI «Lajl ^^Jj^ J '"'I ■ al • ala-Vl aJAaAa (Jj3 ^ jij 
<La„laj ^^It ^AAcLoal 2 SI m Cjljjlj^i (jjjjja II (jj, 1. -II (JaiMiajj .Ajjj^JI AlUall (J^Utiuil j 
11.4j 10.4 AJlaVl (^fl (jjU1.11 j .AlpJI <alkHj <j-oUJI AillkJI CjU.jjLal1 fJJ&J 
(j^ajxajajj j <Jjl a AjjUall j ^ \ j , U.II (_jjj>jj1I ^Jjii] SJUall ClAjjlja (Jl at" 1 ill 4jijJ> 15.4j 
Jiliajl 4LU-a] (_JJ^Vl ojAall CjULukill ^ IjjjS J^oill IjA AJjlall JjUaJI j AlLaVl 

i_jjjLxj (JJflaJ 2 ; a ,< (jialjj ^ cAjjoiLoiVl AiUall ftlAlia <JLa=J 0^)1^ (Jj^aill liA i^JJ 

Ifrjj a jj (_jjl^)aJI (_g jpa -II Cjl^yij 1— ll m-s (jjjSljjj .AiUa Jt (_J jjaj ^Jaj (JaJ 4-ajiaia]l 

(J-axjjaij jaJ 4tliilc.lij]t (jc. 4 a-^UIl CjI jjijllj tjjJallj !aa ■ all j Sjl^aJI dl^yijl IajIj 

.Sjjilall Ajltlijll jjiaJI Jajll (JsJ 4_xJilill OV^U^ll 



V.U-Sfl ASUall ^11* 2.4 



- 1 aa II 1 -ll 1 A^.Aaj Ig-Lo j t<JjjaJI Aj^Ai^JI 1 llULnJaJ (j-a JAC J 4 a^ a Aaliall ja JaJ 

lil 4 j j 1^ H i " ^-l^.all ( J 1^ ulJ j ajAj aj j 1 4 ' g 'l a a 1^3 1 4 ) I I i " 1^1 & l 9jl l (Jji^jj * Vaa ^ A a l \>*\\ 

l^»j' aJ <aUall (Jaj (jJSLiiui lil .j»i.jll j aJjSJI ialiajl <ii3jj 4-a jjala ^3 AjUall Jaliajl jli 

l^LajJa Ig a*sl JJ j 4-ajlilall J jii. 4iiii_aJI 
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3£ja. JJjIa (j-a 3iLkll JjLu (_SJtS ' 5_4jJala2l J 3 aJ ■ aa II oJlLaJI JlSijl 3 U,,J 

4_4jlal4j)j .(jjjjjll j« $.1 jgJI JJ3j «.Lul - 1 aa SI qa iJLkil JL^all -Saill lillj JLlaj .SjLall 
LaA (_Lix]lj ajl^pJI (jl 4 a±maJI oJlLaJI JSj JJC. (JjLuijj AjxLijjII 4jj-alaJI JSjj ^- « i aJ AaIxaSI 
s-La J-"-* 3 SjljaJI 3J| jl jlj .SjLa (_jl Jja.j 2 ^jlA'^ll Jj^a. jl^jaj <aUall jLiiaj-a 

i\ __ya.l j .Ig^jla. Jl A a 3_a jlA'i * ja Sjl^aJI (Jij] (JL\a (j *■ 4 g ja Jc- -^jLi 

.SJjjj j ^Li Sjxj^jj 3j.,-ila. ^1 Jlaljl ^jjj V J j w i 3 U1 ^ „ jIa'ia ^a *JjJjla2I 4 -jk* ail 

<kl»_a]lj 3_a. jjiall ^Jaill ^aJAlia Lai .3J jjx-all ^aiaj]! <Jjl jJjaJI (j aJjl Q n _aj| '—■ « j ^^SlaJj 

.2 J' — «N J Ji^l Jj- aiiL Ciajc. ^aa 3J jj*-all j 

toll ^ SI ji^l ailall 1.2.4 

^Jk 3j<jLi]| AiUall Clljla. j La! j .[L 2 Mt _2 ] jA 3JLUI J*Jj lAiLL Jc JjSli £Laa. <_£ jjaj 

3jE Sjjj] x ^sSi j t(Btu) 3-uLkijJI AjJjaJI Si».j3lj c(cal) ojjjaJlj c(joule) Jj=JI 
AiLkll J^a ol^jj . [L 2 MtT 3 ] AiLL]! .(kW.hr) 3^La UjjLSIIj ( ft • lb f ) 

SjjUill J 3_jjLksjJI 3jj| jaJI e.la. jSI j (cal/s) J ejJJ=^l J '(watt) Jal jll (_jA <xjLill 

^ j^a-a ^ jklal 3jK]| SiLkllj .(UcLuj (_>>Jj) t^^i^ jl^la 3iLkJI jl .(Btll/s) 

3i^ 

JLS1I JSaJI j . y&> JSa. J AjtijJ Lxjj (potential energy) ^iUa ^aJI tilllaj 

j^i (JS j Ajjja j| 3 , 1, \\ j'll'ajiU* J lc jj 3jj j-a^]l J j| ^£1 LaA ^ . ajJaja a jj^^ (JSaJI j 

j! (conservative field) JaaU-»JI JSaJI oLa^ <_s^jj .kaU-a JL>. ja jJaaJI jjiA 

(jl c^^ji.! CjIjLu«j .4j3 ^joisJI <*JJJ t^iJI jLauJI (jt 3 jSj i a ijjt 3£_)aJ 3-aj!>UI 3iUall 

.(1.5.4 ^iaLa]! jtal) (state functions) <1U UjIj LaA 3^i£ll 3iLUI J^j 3^l£]| 3iLUI 

3JU. Jl S^alLi jaj^aJI 3jjji-aJI 3iLkll Lpi 3ioll]| 3iLyi Jl jiiill (jlajj 

L_iaj mi ^Lj (gravitational potential energy Ep) k^\jul\ HUal\j 

t 3iUaJI 3j-alill 3iLkJI L_lLua. Jl Aa.U. 3-aj jjS La IjjLi Jl 3 unilLi t_a j*j jl 

L-lLutaJ j .3iUa]l lalia j| 3Jjlx^i J jx i «aJ (_jill 3 lal£ll 3iUa]l jjij jA Ic jj£I jA La j 

:Ajj^I <l^L»-aJI JabIliu tjjcljjjl jl _a-» jjj 3Jj£ 3j^lill 3iLkJI J Jajll 
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E p,2- E p,i= m 8( h 2- h i) (1-2.4) 

(jV^J 2 j 1 j i^'^j^ jJjoixi 4 u.i'ilU ^UjjVI jA /Zj i^liaH ^jLoiill CLdIj jA g (jj 

.pLjaill ^ji (jjilli-a]! (jjxi j^ll ( _ s ic. 

i%a. . m ^jJj^ Jit^j a-» jlkio j ^ JSS2 <J I ■ aj aJISj]! Aiolill AaUall jLajj 
A-ojJiiJI jj^a. SjLo Lo^ic. ^aJISII <lA£l\ aSUJI JS*-o jj*j!I i-jLua. jLaj 

:aLI*JIj 

e p,2~ E p,i =rh S Qi 2 - h i) (2-2.4) 

(electromagnetic potential ) ^ukSLtj j^l 3l«l£JI 4iUa3l J jjjiull 

•A 'nu^L energy E E 

E e,2- E e,i =c 1( v 2- v i) (3-2.4) 

(jljjjjj 2j 1 j tAia *M sOa. j] Aiol£ll AjjIjj$£]I AaLkll ^ Vj tAjaL^all AjaJiil ^ q jl dlia 
Ajjijil) sjlc AiaJill o.la.j3 Aiollll AaUall jjj (JJfill i aill J (jjilia-o (jjxi j-a Jl 

J jjiill l-lo^j Jij .[^Mt^r^Aiaui aIIL ja »^4j c(voltage) Jja) 

((jjx^ll Jjjs) ^ .'JS^ J^W L)"'?^ AjaL-all Ajaujill ■ / j- aJ Sj.^Uu * jjXN Alal£]| AaUall 
iiij_)aj jja. A <«Ktl AiiUall J ' ■ la j» JJ*J (JyaJ Ijj I ' ij j»* W jj jj^ uiiaJI - ■ aa II liljaj Jill 
J Ala Jc-I 2 ,xij^ll J JLjj^HI (jjx^ll (jlS c2 £3jall 1 ^ajall AjjLua.1 A ja ni 

.Ua.j* (V 2 — Vj) (JjiJI (j^J '1 ^J^JI 

rate of electromagnetic Ajnijhii njj^SS) 4i«l£lt ASUaJI Jjjl« J Juull 

: JVIj ( £ £ potential energy) 

4,2-4,, =i(v 2 -v 1 ) (4-2.4) 

AaUall JSx^i jjij j Aiolill AaUall jjxj jl . JL j$£ll jLiill jl Ajauill (jja Jj jA Z jl dlja 
jJail) - ■ aa 11 jLai-a je j*^ «**« . - Jljjg^ (JSa. J jjilia-o jJxS j-o ju ii3^)ajj ^uia Alol£ll 

.(1.5.4 ^UJI 

.AajljjJI jl Ajjla miVI Aj£jaJ Aajdj (kinetic energy) A^Ua - . »a 11 lillltij 

jUaj ^11 AauuIIj (^]jLuj AS^ja. jl ^ujla * > aa Ai£ j^J-o A£ja. ^ AjjU miVl A^jaJI j 
jl Jja-a ^1 Afuijllj ^xuiaJI (jljj^ (^A Ajjljj^ll A^jaJlj .('ijlc (_>^>jVl ^JajLoJ 



313 



Ajj-o A^i (jj^J (jlj (Alula. ^\ i £a (jja. (j-ala. Aa._jj Ajjl jjJI A£^)aJI (j J laJj .Aj]j£ 

t5 _>a.l i . i*< J (Jj i r^lij A-«J (OLo jla-all (j- 4 -^j"^ J J' "**^ I^A J i n ji aa « (jjilajll (j-o 

Glover C, Lunsford KM, Fleming JA, Conservation Principles and the ) 

.(Structure of Engineering, 1996 



: JVI (J3 J L« A-o jlaioJ ^ 4j£jaJI AlUall Uiaj 

£, =-mv 2 (5-2.4) 
2 

* * " 

jl^Lo ^ AjSjaJ AiLLlI jl Jl I jJaj j ."dc^ ^ v j pm>B aJj£ ^ m c& <— "a. 

Ifria ^^pjj A_« jlaiall (Ja-Jj (jl Aj^^pJI AiUal] (jS-oJj .Ac^uJI alajl ll laj Jl A^l*> 

: JVI E k AjSjaJI ASUall Jisua S-majj • m (ja:2 Jo»-»J 

E,=-rhv 2 (6-2.4) 
2 

fjfl AjSjaJI AiUaJI Jjjla Ji^ 1.4 JUtS 

^jijj Jll AjjxiJI AocjVI jjc. All ■ aclj - ■ II Aa. Jl i . ilall ^ ^Jl (Jaijj :4JIum 

AaCjVl jiu^a\ ( _jA j (A_i_jx.}]l CjIjjxjoJI J |J' -*" , ,'J J* ' * J* ' lAjUail ol1 jlj-aluilj 
Jill ^^11 (jllajjj 4-* .i.'^l (Jj| j ^^J| jjjj ,_j^p.Vl jl j^JI j Aj^i-all 'a-lLall (JjLu cAjj^JI 
(32Jjj (_5^1l j « (jjjla.iiiui a JaS (_£ .J$-/^ O^J^ _W £ " ' . ^J^- 5 -^ ' . 

8 <Jajm jia]l Ajj^-JI bjjxjuJI jiaS ^Ijj (AjjlLJlj .Ajjliill J Ijlajliui 33 (_£ jl^ <c.^uj Ao3 jaJI 
Jia-a J Jj_>^' jl^io jA La .Aajljll J aIa 0.3 (_£jljoij Ac-^uU LjjS jajJI Jji-ilij (dllj jj£j-o 
.^13 AjSjaJI AiUaJI L_Luia.l ?Ajjai1I CjIjjxj^II j JfrjVl (jLjjJJI jJJ ^ AjSjaJI ASUall 

AiK (_£ jLoG .Btu/S AajUajjJI AjjIjaJI e^a. jJI j Jal jll Jia. jj ^jjjlt jll jJ^A J 

.1.056g/cm 3 f JI 

:_J j^jVI U^U^ if* ^ ^ J^ua JaxJ I JaJ| 



^ r> 2 _ 1 AC/; § 



m = pvA = pv-D z = 1.056-^- 33 — -(2cm) z = 109 



4 ^ cm J 



r 



cm 



4 s 



jAj cAjj-aJI CI ll jx* uJI J j»Jl3l aVi< (3^Jj (J^x^i AjLuixi L-iLma. Ja»jj 
JiSl CjI 10 AjjJ J^VI (j^^ 1 iJ t& ^ ^ j] J -l^XlO^g/s^jLuy 
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E, r = —mv = — 



109- 



33 



cm 



2 ^ 



f = 5.94x10 



3 J 



r 



lkg 



1000 g 
9.486x10 



lm 



v 



_ 4 Btu^ 



100 cm 
= 5.63x10 



= 5.94xlO~ 3 W 



V 



-e Btu 



(^ill ajj^-JI CjIjjx^JI ^ AjSj^JI aSLUI Jjx* <jLLa <_jL^ ^ kauj 

JLjS^l jtfUJi J!^ Ajjjj .6.79xlO" 22 Btu/s^J _« L. ^ ,7.16x10 19 W 

.0^0 16 JJ^I 4j_a^ OJJXJJ ^ (jSx^JI (jC. __}£jVI (jU^Jjill 



.2jjjj^Jlj AjjjJI c^cUjJI (jt (internal energy) U <L»lib AiUa lilllu j 

2iLkll J£ j .AjLkl-JI ojLa]l Ailk ^ U JJC. j CAl) jaJ] JiA^I j 4jjl JJ.JI A£jaJ j 

Lpjl ji. <^.J^1 (_jA 4-a jlaiaJ AjLkUl AaUall j .4jxja.j-«i jl 4 Lflj Jl 4 unillj c4_Lal£]l 

.Ujjij (jLti La Lilt <ili tjjlkJI UJ^iaJ l_ij*J V AjLkUl AiLkll 

4j| V) < I ' «aj (Ji*-all liA 4-aj3 4i_)*-a (j^-aJ .^-a jialall Jji^ ^>?*-j i$ e^La jl (JjLui £-a 

aj£j^JI j <ial£ll UpULL j^?_a UpL (total energy £7- ) A-a jliiall ajKII <5U=JI j 
E T = E p +E K +U (7-2.4) 

<Jajbiit Ljia ^J^ 1 j (J^JJ (jl jl <-ajiila]l -^?-JJ (jl ^SUall (j^i ^li aj| O^J (j^-aJ 

: E'j, AjKII 5iUall Jisua j^*' ALLJI <1jU^11 A^jLla <]jlU^ (j^aJj .4«j.n>\l SjLall JlUjl 
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E T =E P +E K +U (8-2.4) 

'SjKll jlalall AiUa J Ajj^iUaiLa JJ$£1I Aj-al£II Ailkll CjlabjoL Jj^aill IjlA J jl 
^^^3 <La.l jj-a Sj.,.jU<i ^ jJg^H Aial£ll Ail jail j " i ajj ^1 ialiaJVIj AijljJI aVjU-a U 

.5 (Ji^ll ^2 A-s i^i j-o 

tSllij t" n" s jLSyij U jxaj (specific) ajc. jj ol jj*1o J] aj*^ jjII qA jaJ Jjj^j 1 *j 

^Uaj aJI jj ujj ' J - aill IjA Jj . CjV jJI JJC jl 3 VVs\K ji.1 ^ujiJj JJ*ia I » "J ■ ■■'»"'«; 

AiUall j* Ailxi_a ld_jjl J «lir"l nil m j .J jJI jl Ajj^II oAa. j J jjxlall jljLa Ijj-ai "(j&S* 

Jl AiLial i^jC jjJI j>a^aJl j i^^C jill <_£jl jaJI (_J J\-\ A\j i(aAL\A\ j Alal£]lj Aj£jaJI) AjC. jjll 
(jjilLo jc. Aiaiuia l^jV to^jji Cjljjilla ^A AjC._jj]l CjljjilLaJI jl . till jjxaxJI ojsA CjV^*-a 

AiUJI Jja-a j . oV jxll s^a. j j aJjIII eAa. j asLL ^jk (specific energy) Ajc^I AiUail j 

AjSjaJI AiUall L&a-a jl (_>ajjal c!illo .CjV j-aJI eJa. j j Ajj£j1 S.la. j AiUa Jix^ jA AjC jill 

J 100 csjl^y mAilill (jii <_fj*^ jl j iAtUI J S jj 400 jU-j La jUil 

lAiDUJI JLaxioL .AcLJI 

E k =E K m (9-2.4) 

. jll ^ I JC. S JJJ^- jljS 4 (J jUai £^ AjC. jLjj]| AiUa jl Jaj 

la£ (2LSS1I SJa. jl) V j2l| ilJ jjilaJI AJV^ £ r AJUI AiUJI J^j , ^AJill AiUJI l^j 

:^ 

E T =mE T =m(E P +E K +U) (10-2.4) 
E T =mE T =m(E P +E K +U) (11-2.4) 



Lol .Aijill (jijj Ji** m j 'Ajtjj CiliUa E P <-E K ^U j tAi&ll m jl 

.[L 2 r 2 ] j«i E T 'E p iE K 'U^ 

S jjlxil 4iUai) 2.2.4 

A_o jikjJI ju JiUjj a^i jJaiall j jj^J ejjlc AiUa LaA (heat and work) J-a*JI J ojl J^JI 
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.Wll SjUU Vtlul V ( jjC jj jJuUaJt (j-UUU AiUaU Vtlul UfL-a jj VI J**JI j 

jA (_U*JI j .'ijljaJI 4a.J.a J (JjjSal ^A^JjJ JjI 4£ja_a]l o jail Aajoj jA ojljaJI Jlsjjl jj 
J (JxaJI jl ojljaJI (j^-aJ V J .(^J-o * iallj lS^)^ S<j^ a Sj3 J (j£ ^a '"' o_>jlc- AiiUa 

Ajlia J ojljaJI j (J-aaJI CjLoI^jluJ (jc ' " la all (jja.j Lafrix IjI liltj aj (jl - i aa 1 (j^-aJ < » ■ "?■ 

."Lajlaiaal Jjia. jjc 41LL1I Jliijl (jc ■ - la j| < - i aa II 

jA ojljaJI (jjiii olalslj .ojljaJI 4a.J.J J J J^J^ A-^j'l (jaJjJ AiUa ^4 Q ojljaJI 

(jLajj 3 , aSa-Lall ojljaJI <aj.J Cllj Aaiaiall J] AjIUJI ojljaJI Aa.jJ Calj Aiklall (jx Lajlj 
,j /-la. ajl^jaJI (JL&ijlj ^ *' - f^)?' .JJ 6, jl ^-aj^ai-aal .jj-la JS _>JC (Jsluj (jl ojl^jai] 
ojljaJI -a*Jj .liLuoia. J ^1 Ailaia (jja i aj <x2j (jx Sjl^jaJI JjaJj jLa ■* Lli. aj dlljjjjjaa 

. [L 2 Mt~ 3 ] ja Q s J jaJI Ji« ^ t [L 2 Mt" 2 ] JA 

(_5^a.jj .ojljaJI Jliljl JJ-aij iSJ^- 1 ljLja.1 ' . lajj (jjj^a-a lgj.l*-aj Sjl^^l (jj£j 

Jliljjl J' aaj (_£.JI A JUill ^-lamal 4a.LaLaJ <2 ajl jaJI (Jia-a iaJJJ slVa JJ^illl (jjjl Ja lajgj 

:<£}la. ojljaJI 4-a.J.J ^jJjjj 'o^JC Sjl jaJI 

2=^A(T suii -r sys ) (12-2.4) 



T sys J ' taja J ojl ja. <a.jj 7^ J i(<a.LaJI eiij J) (_£ jl jaJI JSill J«l*x ^ k d 
(Jijal (J-alx-a ^>l_La-a JJ _)-a Jl (J-axluaJ t4-a^cJaia]l Ajitjj c_ii^xj (Jc- fclajj < 4-aJaiajl o^)l^)a. A-a^p 
dlli±L Am jialall i_4jUJ LaAic ZAc .H ^yjfl Cy V^J (^a.LuiaJI o^a. j J) (J-aLaJI (_Jjl^)aJI 

J [/ 3-°^ JLaxiuil Jl Ijiaj .JJ J*J^\ JaT J Uin 4sjljaJI Ia^jjC ^aj SjLall (j-a oAj^C. 

^j-aa. J (_£jljaJ! Jiill (Jxlsi-a JAajl h J^»"unu.i tAjla.1 all AiUall (jc Jj;»*^ (Jj-aill IjlA 

W/(m 2 -K) 4*5UiJI AiAa.jj 4 [Mt" 3 T _1 ] j«i y; J jaJI Jiill Jal*^ ^ U .J^L^I 

^1 i jJI ^1 jit Jt j c<-a jJiiail ^^31 (J^JI Jc h <-aj3 Xajaj j . Btu/(ft 2 • hr ■ F° ) j 
.(_gja.l (J^l jC. Jc j cAjjIj j»l 2<j^-|^ j| tilt tlulSI s-l _ajoi tlA^>JC. ojl^)aJI (Jliljl (Ja aaJ 
A-aJ ' . iVUlaJl IjlA jaLiaAl (jc. A«J l^jl ma.j tjjaiUall jl (jj-aalilLj (^jl^jaJI (Jiial ClLiLalx-a ^xiS j'jaJ j 

Bird RB, Stewart WE, and .315-) uj^ ^ J m& »^ 

Lightfoot EN, Transport Phenomena, 2002; Johnson AT, Biological 

.{Process Engineering, 1999) 

CjIjUkj . <La jlaiaJI Jl ^j-*- ail (j^i IflflVnl (jja, <ba,j^ <-aj2 L^JI J& SjljaJI i-fljau 
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Igj-a L^a-jji. jja. 4j]Luj jj^J j t4-a jlVi all ^Jl l^jaLjaj jja. Aja.^ ajl jaJI 4-aj3 (JJ^-j 6 c£ J^-' 
ajljaJI JlSjjl oLajl AiilLall i_jj£]I i_ij*j :<Ua»5La) .'ijljaJI 4j>jJ ^ Jjji J j=>. jl <a_ijj 
4jjlLa (Jj5 <_ajjlaj]| £Aaaj LaLaJ Jjii.j .AjJaljJC.1 olaiiU Ifcjlc. (jiilall ojLSYI J t4ilja a ' ■ ull i al J 
A i'i^iV.I c^jliJI \ (Ji.jG jl <Lajliia]l ja SjljaJI ^J^J lijj • (^V .jlx^JI 

sjjail iiaU Jja. iaU.1 131 tjiall Jj^ .(adiabatic) S J jail 3^jla£ Sjjjj^I J 

.<j]j I g ^ J^"' jl laja all ja ojl ja. 3iij jl <La jjaiall j^aj V Ajli tLa <La jjaiaJ 

JJC. <_£ jai 4£ja-a S jSI Aa-nj Am jlaiall J jia. JJC. (J3.JJJ AiLL jA (Work ) <J^*1I j 
^jill jaj . [L 2 Mt 3 ] jA W J«JI J3*- j«jj t[L 2 Mt 2 ] jA Jaxll Jxij .ajljaJI 4a. jJ 
^J aa ^ i ajJajii "jjg^ jiaJlj AjfLijl^Aall 'ijSllj la« ■ all !iLat .jljj ^^jll <£ja_a]l 

ASja. AjtjLill (J-axll <Iial ja .La AaLuia l^iLjjaj] Uj-La £ ja. ls^ ** "j^**' 1 all ,j ejall JJjJ 
J j-Ja. _)Jt ^Ijjg^ jLjJ JJJ-a J (*Aaa £ jLa JJ^-° j' JJ J J '4-aj^"° »j3 4^a.l _a^i (JJiJ^a 

a Ac (J-axJI 1 — Jj Uj-ia 1 j a jja. ji <-a jlaia ^ s^La (J3.JJ jja. 1 i iaj (J-aaJI cJ^-jj ** 

.(flow work) Jja-jia j shaft (nonflow) work (^Jia jjc.) 4JYI J-c. : jjc. jj ^ 

(. ja. A la ■ al <La jiaiail J j^iaJI (_LuJI j!ix^ (JAJIaH jjC J««JI jl 4JVI JjJL« j a ■ <aJJ 

(JijJ JaC-l j' iaJI j dlLa-i ^all j dllSja all (J>a Clll jjg^Jill j .(!>liia ^jLa jl jl ' ■ llaj 

a JAaJj (jjjLall (_Uu«JI I i iaj| jjSJlaJI JJC. (_Ui*JI j a i iaJJ j .A^ijiiia]! (j3Jla JJC. !^Lat 

jj jjll (_f j3j t ^jl jj^ll jLii^-J jjP^I (J-a*JI j 4 (jJJa. jLi. Lui ■ a jl s j5 A^a.1 ^ S 

Jjajlall JJC J«x!l JjJLa Jjlill (JjxSI , law 'mi j .ISi^La ^Lac jj AJVI ^^aJajJI 

? ^ ? 

^M'i-s all ' . i_ajaj :4jaa^L)^ laja all (ja ^LajJalall J^xll JL ^jJA Lti>a (jj^J Conflow 

.(ClV^l«-a]l <jjli« (JjS L_ajjlxjll £Aa^. ^ (j3J 4 ajja a Jjjljkj (_LuJI oLajl 

jl (j^alajj ( (ill "I jj jj ajjll AjjIjJ ^3 IJlc. j^ laJ ^jjlll C(j3Jla]l JJC. (j\a«JI ^l_ajl -1^.1 dS^i 
A j^lc. oj3 Saja all (JjilaJ I ajja <jl 31 .4_ia.jLi. oj3 ^ <La_oiiiajl »a a JAaJ 

•Sij.^fl j 4-a jialall ( _ 5 Jc. Jjij-aJI dW ^l.^U'ill J-axll ■ ■ *'<j oLaJ^/l ^ 

rfW =F<& (13-2.4) 



jA F c S jail oUjI jl l_i\jS1I 13a (j^jjij j .^LjjjVI jl AjLblajJI 4iLaiJI jj 

.((^ji.1 i_jj£ lilli-a I3a (jjfL ja) ^LjjjVI oU>jI 
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x = 0 




J, jUll Aii :2.4 Jiill 



. .... 
jaJ^C. a J^-^ Cy^ 3 jlxll *»■ (J-alij jA (j^-ilal! JJC. (Jxxll £jLi]l (JlfLall 

i-jtiJI ^ (dW>0) i-jtuJI Jfi J Jj^ .(2.4 Jiill) ^Sl^VI 

igiy 13 _ 2.4 <taU^ll (ji^jajllj 
=PAdx (14-2.4) 

3ja. j^i X (jj^ ' ■' ^Lul^y <-o jlala i_j^)xjj . X = 0 Ait jA (jjij£-ai] ^I-IajVI £3 j^JI 
(J jUI jLuij X (_>ujS-a]l j-aj (jjj AiLuuill j . <J g ill oLsjLj ;J".'^ all (_5^1 

:lil j i x ^iLui-all jl J Jj 4 jjiij^all £^.1 jj ^-o j . / 
Z=6-x (15-2.4) 

y=A/=A^-Ax (16-2.4) 

:<Lojliia]l --^ ~ ^4 JJ«jll ^ .' ■ ' dx {£ jL^j 4iLoi« ^ajS-all lil^pjjj 1 * lie j 

=d(A6-Ax) = -Ax (17-2.4) 
(> ^Ull <_M aJU 13-2.4 <bl*-*ll Jjj .c^li A& jV d(Ab) = 0 j] 

Kali-all 4joij£x]I sjjjjiuJI (jt ' ^j";^ all ^^IjJ 
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W =-\ Vl PdV (18-2.4) 

JV 1 



LaA V2 J Vjj t -gliJal Sul\ <La jjai all aa a jA fifV^ J '4-a jlixall ia» 1 jA (jl C11 

(Lllui Jaxll (jj^J 1 (Vj <V 2 ) ** a j]aj all >a - -1-lals La^jfcj . ^jjl^jj^l J ^I-IajVI (jl aa a II 
clia. j-a Jxxll (jj^J ' (Vj > ^2) ** a_aiaLaSI a (j-alii; La^jtj La-la all ^uoC JiiS <Lajiala]l j 
4-aJ J '18 _ 2.4 aLIx^IIi ^gjaa-a jlill Alii Aj-laj (_^ill JxwJI .4-a j]ilaS] XaC. Loa all JijJj 

.3.4 JISJ ^ <1 AilU-a 

jkLall £ jU. J Jib J) SjLi ^aJ A-a_pUI 3iUall jA (flow work) J9j1»11 J-mJI j 

: dx AiLuLall J^Uij SjSlU W JJ i^jj 13-2.4 J-lfillj 

W = f* 2 F,dbc (19-2.4) 

J-xll jJJ A25U1I (> .Aj^I jUjVI (^le. Ajj^I ClLa.1 jaio^lj 19-2.4 ALU-all ^xLaaj (j^ajj 

Miu^Li aliaxJI J-*ll J°-l*-aj 

W = l"'W<ft (20-2.4) 

W =F x — = F x v (21-2.4) 

* dt 



^jjxjj . XalajVI ^ Atjj-JI ^ V J 'Ajl^jll 4-laaJ ^ t j J 4jl.lJI AJaaJ ^ t Q £j| ill 

^Ual^VI cjl^a.jj . [L 2 Mr 3 ] Iajx^j (power P) SjJill jl 4eUaiu.VL L^i J-*ll Jo*- 
ajjIjII ajE ojjJ x ^jS1| j ^horsepower hp) t^jUJI jL^aaJI AxjLHI SjjSII J 

. j/s A^liUI ^ J^ail ^al£JI (watt) J.I jllj « ft • lb f /s 

cAaLobalLj la» 1 iall ^cjLj ^A a jiill (jl l^iai .V 4c^)j-iHj J}3.ILa JjLui I » la ll 4-ajiaLa la. 

I (_g jLuij 4-a jlalall (J3 Jlall Jastll Jia-o jli 

W =Fv =PAv (22-2.4) 
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a]^ ^iil ^sjU J^JI :3.4 JiAD 

^laLall A^LoLa A J 'A-a jJaJ all Jj-la. (JjLuJI J_JJt (jl^-o •ijt ' jA -P (jj til 

JjL. jA J«JI Ji.,. J J) t jta -dl iWi .(3.4 JLfill) JSLJ1 J-US lsj^ j*H 

(jl I ■ Aiaiui jjJllLo Igjl Jc. <U.iIslaJI J (_£^)i.Vl till jjxaxJI clljj£ t^-alui 

1 4_« jJalall 4*>1 nin V < (jl ImaJI J jll JaSa ^^A l^J] jl 2 

(JjLJI aJ^JJ (fiill (_U*il (Jix-a (jJJ (jjj^ J* W fl <L<i_iiaiaU J j^j-aJI (^Jlall (JxaJI (Jla-o j 
^jli-a jl ^^)a-a J (JjUjJI AJijJ (_gill (Jxxll (J-ia-oj t<Lojiaj,a]l (J^lAxi jl (J2..I0 (jSJlLaJI 



(23-2.4) 



.<iilk-a]l £^pJI J (Ji-JI till jlij j j / JiaJ till 

tSjIjaJI 3.2.4 

:a£)UJLi ei'jx-a <^»Up j*J> £^ (enthalpy H ) <| J jaJI csjja-all 
H=U+PV (24-2.4) 

tSjIjaJI <_£ jja. J Jxj Lol j .^a *i jA V j tjaiuJall jA P j tAjLkljJI <SUa]| ^ C/ (jj 
Jiliajl 2JjU^i ^3 JLaaj^U (_Ujilia jJ»i« jA (_£jljaj ^ j*^ all . [L 2 Mt~ 2 ] 4ilUI J*J jA 
^gC- jjll (_5jl^aJI (_j jja-allj i^C y& jxa^Jlj I laa i all j iAjlkUl AjC _jj]l Aaliall j .5iUall 
I^jjVlj (^C-jjll (_£jljaJI (_g j3a all (_ aj*J .(5.4 ^laiall jlijl) <Ha> £jljJ ^*J-aa. 



(25-2.4) 
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4-^.jA Clil jjij j« ojlc. 2 ^jljaJI lSJ^ >— iLui^ (_£ jsjj .4 ja 4JL^ jl 4jalj 

.jiajill li^J 8.4j 5.4 jbdaLJI rl~* Si j . I— i-ar l'^iW j jjUIj ^jLluJ^I i_i£jj]Ij ojl jaJI 

e^La jl (JjLui (_£jl jiJI (_g j'lt all 4j (jAii] J^x-oll jA // (_£jl jiJI all (Ji«-a j 

H =U +PV (26-2.4) 

1 J.nVi Jj C(_gjl j=JI (_g all J3x-a <Lojii 4ija_o (j^oJ V 4,_£jl jaJI (_g jja all jljC- ^^Ic j 



(<jjlo 25) Aijill ejlj^ "^j^ -^c- lS j^ 5 - Jfcli* ^ji s-l j^JI olclia <Ji.£j :3JLuia 

(J^Jj Ui , '—ll ( _ ff SjJ ■ " ua 1 jja ■ s-liil AAai] s-Ij^JI liljJJj .4jjla ^-J^ 37 ^Ja ja i aJ j 

250 h jbjp f-l j^ll ajc. jjJt AjLkUl aSLUI jl j^ljialj .<« j^. ^j,^ 1.0 ^jc tiAj JclLJI 

(JjjIa ,j ^gCjjW (_gjljiJI s-lj^JI * (JJJ (Jjj^ll jl-^-a La3 cAjjSJG s-liil (Jj^ll Jja. 

liJjlu! iA\ i nj s-ljgjl (jl (_pajjal . (JjaII jJjC- 28.9 J^-j «lj^ cs4i_>?^' Uj_?^ LSj^) ?QulaJI 

Ait ^jjJl ^jill f^aJ M L^1 (PV = n7?r) Jlil^l jUll jj^ <-U^ '-^ 

■M >ll sjj^^jj ^ .(310K) 37° C j (298 K) 25 °C 



v pr 



'o.08206 L ^ tm 
mol ■ K j 



(298 K) 



v = — = = ^ 7 = 24.5 

n P latm mol 

.y =25.4L/mol c310K^j 

jjj -Sjl j^JI is^J-* l>" Ls' •^ fc tjl^'"!! l5jI j^JI l5 "fl j^-<y V 

SJjla-all ( _ s ic s-Uj (Jj3 aJ^I»-<i jjjSjJ L-lui^J jl j^-oJ jja^J^ll Aic ^^C. _jill (_Jjl jaJI (_J j"'^ all 

:25-2.4 
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^310K ^298K 



'^310K ^298K ~*~ ^O^IOK ^298k) 



= 250 + (latm) 

mol 



25.4 

v mol 



L . L 
-24.5- 



mol 



101.3J 
L - atm 



341- 



mol 



. Jj-a]| J] AjjoU jA LiA t— Ijl.i'. .nil ^^Cjjll (_£jlj^JI (_g j'i-s .nil jjij (jl Jaa^V 

^^jJaLjj L-L^a j * AjKII AaUall Jaliajl aLU-oj .Lajlj 3 SaiaJ^ <a jlaiall AjJSJI AiUall 
2 ;K1I AaUall Jaliail JjjlS 0<ajjj .^LsjaVI £ >« A-o jJaiojl ^ AjKII AsUa]! j»£ljM J (JUiV 
4 ajS IgJ t_$ji*\ Jl Aj u^i (j« l^Jjj^j (j^-aJ (Jj < '°* jl J jJ (jl AjKII 2 SI UU (jiaj V Ajl (Jc. 

C(jj£ll J AjjUS ^^Lj AjKII Ailkll jl .(Ajj^ill i1l51c.Isj]| lillj (j-o ^ . 4) V'*.."^ AjsI£« 

.Aiai^la t"u.nl AjjI J Aj^jjl^j-oll AiiUall Lg-La j t AiiUall (j-o 4 la « lei _aj) (jl VI 

a J jaJI j AiUall ClV^a £-« J«1*j1I (jja. A-ajXo Jaliaj^l Alii**] AjLiUllI AJt^all jjjxj j 
aI&II Cj^An-aJ (jjjSj .4.4 (JSJJI J Ajjxall A^ jlaiall (J Juab Ifria A±£jj («l jl ijxxll j 
Ajlklj OliLk (J£^ Jc. £" r ^ J £" r . AiUa A^.jUJI j A-o jk'-'l Jj Aii.U| 

A h<ll a£^)^. Jc- Wf[ ow A-ajIaiall J (jajCLall (J-ax]l J (Jist-o Aojxjj .Ai«l£ j Aj^^^a. j 

(Ji*-a] j-oj^J • Q ■ ** a^aJalall JJ sjl^iJI Aj i al i ^- J ' cS-^' (Jixxll 3-°J^ -A^i jlalall JjAa. 

' ^nonflow ■ ^ J^*'"^ (jSJiLslI JJC- J-aatll 

Jl sjUI JlUjb 

AjK3I ASUall iali^V AjL^UjII Aiu^ill AjKII AiLk]l (jV aJjIxJI ^ cSDl^iuil J AiljJ 

tAau.i^ll SjLall JlSijlj A-o jlaiaJI Jl AjKII AiLkll J JisM jA ^ (jl tlu 
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jA J ' ^ "■' ' "V ^ «-^l Jlsjjlj A^i jiaiall (jx AjKJI Ailkll £ jji. Jjx* jA ^ E T j j 

j 

(jSJlall JJC. j (jiSLall JasJ] ^1 ■ all Jjlx^ll jA J jJaiall ejl jaJ ^1 ■ all Jia-all 

j^Lhll .A-a jh'^ll J ajKII Ailkll ^Ijj Jti*^ ja dEj S /dt j t^jW^W JjIlJ 

Ailkll jjxj] J^l (ji«-allj ^Ijjll ia. (jt JJC. J3j jiJI j ClI jLjJ ^ISjl J J / 

(b ja. j-o ^1 Jill As. jj^j laiia. .A-« jklall J AjKII Ailkll ^1 jj Jia-o jl A-a jkiall J AjKII 
jgj 2 _ 3 .4 ALU-all J jia. A«J lol .y^a JljjjYI (—Sjkll JjJ3 Ja AjaU^a] CjLo jl*-a Aj^aJ t_U 



.[L 2 Mt~ 3 ] 




4 ajlalail 



nonflow 



oV'j*- Jliiil klJ :4.4 JiAJI 



Alii** j'jkj i_i jxi 4 jkiall ,J A kto La cAjKII CjV >all V cAjKII Al&ll j Jl I jkjj 

J^lx j£\ 8-2.4 aLI*JI jSi .AiSlI c^^j aI&II Jl«iaL aJSII Ailkll JiUaJ 

lAjLkUl j AjSjaJI j Alolill Ailkll lIjY'A" £ J-a=>-»J <}K1I Ailkll 

E T =E P +E K +U =mE p +mE K +mU (3-3.4) 

JiilU 2-3.4 AbUJI AjI& jS^j 
(4-3.4) 



(5-3.4) 



dt 
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tjjjajioll JJC.J Jja-ila]! (J«JI "Jix^] ^ j"-^ a (J£Ju ^^ic (Jxail ^^Kll (Jix-all ( _ s ia*Jj 

l^ flow = PAv = m — = mPV (7-3.4) 
P 

Jiio (JjUji Ajjjj t^ill (J- 0 *^ (Jj*-o (JJJ l3J^' J* ^flow (j^" 2 ^' lW^I (_&*-« (jl <3j*-aJj 

miIIj 6 _ 3.4 aLIx^II ' , 4 J A^i jJaiall ^ ja. ^3 JjLJI aJIjj Jxxll Jix* ji'li jlaiall 

YW = £m,. ^-£m, ^ + ^W nonflow (8-3.4) 
V P, ; Py 

5-3.4 aLUJI o^y li] 

£m,.(4,, +4,, + + -)"I>,(4, i +i K, +Uj + P± ~) 

Pi j Pj 

rIF sys 

+Ze+Iw nontlow =^- (9-3.4) 

: ( _ ? C. (_gjl^)aJI iZj'^ a3l (JLaxiuAj Alllx-olt AjIj£ ojlcj (jSai 'IjJaJ 

Z^(4,, +4,, +#,)-5>/^j +4. 

i ; 

— ' 5 - ys 

+Se+Zw ; „o„ fl ow=^ (10-3.4) 

i_ijj]a jill ,_£jljaJI ^joa-all j AjC. Ajla.l.l]l AiUall (Jjl-la. j3jj J] I jiaj J 

AiUJI liUail aLI*J AjLbliill j^SI J&t 10-3.4j 5-3.4 jiibU-aJI <jli 

La LJlc. j . ijjjL^aala (jiliia j (jjolaa S (jjj L-lL aa II (jja. <Las.!iLa JJ^I Ajlal£j]l 4 Ljj all J,'""»"'j 

jl S jl jaJI jl AiUJI CjV A*-a (j^i jl (J^a_a (jj^J LaAjc Ajjbt-all AjlalSjll Ait u.-ill (J<i»* n 'l 



:LaA (jLuLl^l iiliaiVI I3lsl— .Ujjllj aJjuII ^sbaJ a* <JA> 1 0-3.4 j 5-3.4 
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J7 ^m t (E PJ +E K . +U i )dt-\' f Z™j(Epj +E KJ +U )) 

" '0 * T 0 



dt 



(11-3.4) 



J"" + ^.'- + J'' Z"M^ +Hj)dt 



11-3.4 aLU^JI (jl jA Ua jjUll .AjjI^jVI AUaaJII (j* t f J AjjIjjjVI iJaaJSI ^ f„ jl 
Ja. jl .(^JjaJI ^ jja J aJY.1i AjjjSLo 12~ 3.4 Ahla-oJIj AjLkUl AaUall aW.1i AjjjSLa 

liA ^jjj ^1 lilj Jia. Jj^j jl jLu ASLkll JiliaJl aLU^J AjLI£j1I Sij.^ti j JjLoiJI 

c'iJ j'w all Ajio jll JAaII CjVI^. ,J AjKII AaUall JaUail AhU-a] AjjfaJI Aij. ajl J^xioG j 
^lliiuil j^ajj .AaLiall jl SjLall j« aL jjjlLa l^-la jl A-a_oIaLa]l ^\\ (Ji.Ju I ajja j 

AjKII Sjl jaJ t_a'jaj .Ajjx-a jJLi-a Ajlaj ela Alia. ,J AjLsI£j]I aLL*-<JI jx AjjfaJI ALU-all 
lAlila-allj A laa a Sis s-IjjI Ifria j' (J^-^ <^-^' Q 

Q = \ tf YA dt (13-3.4) 
W = f^yw ^ (14-3.4) 

I^SVIS AJill AiUJI Jaliajl ALUJ AjjxJI Aij, „fl 

^(E^+E^+U^-^E^+E^+U^+Q+W =E~-E~ (15-3.4) 



l^j .Au^/lj A^IjlLVI jn 1^111 ^ A- jJkiJI ^ AuKll AiUJI L«A J £££ jj 

:Ajcjj3l AiLkll a1Yi? AiLUl SXuir.q ^,,^ 1 
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2>,(4,,. +E K . +U i )-Ym j (E Pj +E K . +U J )+Q+W =E^ -E» (16-3.4) 

i 

3Jjl«_a] AjtjLui l$J2>^ AJuu^a '(.sj^)^-^ LSJ'" (j^J cJ""*^ tS^^ jl-iiall (jc. (j^ajjxjlljj 

•3 ;j:? \l 3 ,Kti 3JLL3I kUaJl 
E^^, +E K . +H i )-J j m j (E p . +E KJ +H.) 



+2 +W nonaov =E»-E» (17-3.4) 



-Uiiti 3_uj| jj ^jja. 3-aj^ia 3il_ia j AJj£ (jaj (J i ill j .3_« jialall Ixjj '3 SI UN 

jjud j AUkA\ 4.4 

: 16-3.4 j 5-3.4 jiibUJI J. S^kJl sjUI JIMj 

Xe+Zw=^- d-4.4) 

=/•/;; (2-4.4) 

Ami (J^ils t Ifria l^^j^i. jl 3_<i jiiiall ^JJ JjLa (J_j^J ^^C c<ali-a]l 3_a jlVi j 

V nonflow nonflow / 

(jjj (3jall ^jic 3JV^U Liajl J<i»'iii*i j j ^^pJI "lsJ^p lsJ^ ua cjj*^ 

3^o jtV'-ti 3jK1| 3iLkll Jaliail 3JjU^, 

:3iliJI 

G +W ={ETj -ETJHETj ~ET fi ) + {U; ys -U S J S ) (3-4.4) 
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Q +W =AEp S + A E% s + AU sys (4 - 4.4) 

jjxj (jl Jc. (_>ajj jA j c4ilx-<JI jiilal] JjSfl (iL«lilJj«9Jj3l cJjjl^J 1 i ai <Lbb«_a]l o^A l_Sjxj 
Ig-Lo (jja.jlaJI jl <L« jjaiojl jjjli.UI (J^utJI j ojl^aJI (_£ jLolS <La jialall AisUa 

liliaLjjJ yAjjl\ (jjjli j Jja II i_lil ja 11 J <L^all dlljl liL-aliiJ j-oj!l]l (JjLoixi (j^i j/'^ J (JaT*imj 

.L*H£ja.YI jXj^JI Q^llj Ajl jI^VI jA £jL2J1 yjjyajl JJt Jlall J V) ' JjVl 

jliil jIu 3.4 Jlid 

J jUil Jill j^JIj .(5.4 J^l) SjjaJ 6- Vja. 61.3 csjUil jjiJI 

4a.J.l .lie l.la.1 j I Jill <_5jLjiJ 4jl jlaj^Vl J JIUjVI jUJI 

Jia. oJ_)aJI ClutijJ Ijl . I.la.lj Lija. I ia» i (_5jLuy laa i aj 298 (^jL^J 'J_>^ 

J-axll jl^La jA Laj jliJI a jl^Lo jA La ctljlj ^j"/^ all laa i a <_j^J (J*l^ 350 

(_>ajj3l V^lLi.1^11 jlxll AiUa J JJXjll jl.lL> jA L> j ijUJI JXaJJ Laila. <-aj]ilall J JjiuJI 

. JliJ jUil dil jL: rfSLy jlill J 




350 K 



JUJI Jioj :5.4 Ji*iJI 



-5.1 S dl«U liiS-j cJliUI jUil rfljL. ^ jUil J <>l JSsI Jl I jJii :JaJI 
L-iLuiaJ jlxll (j^jli ^j-^ [ : ijj j3 ft^lcj 1 .qj ttlulj CjV j-all ^^c- (jl ^J^J *14 

Lafrka j Ajjl^jiV! j AjjIjojVI (jiillaJI (j-o J£] t n CjV jJI JJc 



n = 



py 0 _ pv, 



RT Q RT f 



jj^aj >V<j-«, . (jtijlj 1 *'V R J P ' i la J 5JjUla1I J laAmilll (j^i A) j-a 1 i ajl I lj£ ajj 

I Jl^jll ^ajaJI L-lLuiaJ <Ujla_a]l 
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V f =V 0 ^ = (1.0L)^^ = -1.17L 



T Q 298 K 

:18 — 2.4 "Ujlx^JI (JLoxjjoAj A ^jlVi^U J j.lxall (_LixJI I ■ I ■ aa J j 

W = -j^ 2 /W =-J 1 o " L (latm)dV =-(latm)(1.17 L-1.0 L)=-0.17 Latm 

' 101.3 



W =-0.17 L atm 



= -17.2 J 



V L atm j 

.((JjijUI) U;^ ail < Jxxll Clljb ja ( j^') J^lall 

"UjLt-oll) (J jVI lilfolliJ j^ijjll (jjjli UJ-^J ^ .4iii-a <La jiaia all dl j AjjLaJI jm'i 

lAjk-WI jU'.J AiLL Juull jjiajl La£La (3~4.4 

G + w = (Eft - £^ 0 ) + (EZ -e^) + qjf - un 

AaASA\ 1 g j* *t la Cliljjijll Clul£ tpL jaflll ^ » J-a JJ*-^ ^ J 2ilj "Lajlaioll Clul£ Lai j 

(t// s -U? s ) =g +W =61.3 J-17.2 J = 44.1 J 

.V ja> 44. 1 jlaiall <iUa ^3 jjijll (_£ jLjj 

^Ijdjtfl jJ3jialt jJJ La ^fl <lol£ll 2iUall jjijj V c4ik-all AJjJaJ fiajll ( Jix^ ^3 

j AjjuulL gL-aill ^3 JioiVl J liljaJJ V jIVmII (jj J\ .^LpVI j 

<C.jjoi jjiju La I jjlj 4ASli-all jjajll ^4 1 ■ ajl jjlj AjSjaJI SJUall ^ Jjiillj .AjjIj 4jxa.j» 

1 ,/'ial lal (j^-aJ ( 5 j jja A-ajlala (JdsSj I a lie 4jl V) .(^jLuoj V "Lajlaioll <jl 2 

(jLluiaJI Ay\i.\ \\\ AaUall JJ*J J*?',' La IjlAj ( J\'"" (ji Cllljjillall ^j-a IajjC-j JjJall j 

4j^j1| SJUall ^1 jjl ^ jJajll I— l^J iSili-all ^iajll ^ (Jalajll (jJa.J . jLra.V ■ ■ ll&l ^ lia. La^-a 

.2Jjlx-»ll (j-a ia. ^1 JLaAl Jja tAjLkl^llj Aj£j^J|j AaaHII iUaxi^. 

j»0ll JjJj ^ Aallljll AiUall Cj) jju 4.4 JH*1I 
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. 37 °C J^ AijiJI sjl^a. (j^> ^^C-lli-all (j-o jjJJj-a 500 , n O^JC- ^jja uij (I) 

. — 70°C ( _ S J^ Aijxll oj'j^ ^J- 1 U-" t ^&^'"*'^ julib 1 " 500 IfrJajm ojJC. -l]_>jj(i_l) 

4Laj]aia]l (jiilLaJ LiK gi (JjVl likalilJj-oJill jjjli Jl «iMnil liA (j-a I (JaJ 

|jj .Aia^-o AjSjaJI j 4_Lal£]l AiLkll ClI Juu (jU cjLUI ,J AlAj till jj*JI <J J) I J&i j .Aili-o 

Q + W=AU sys 

2 = At/' 3 " 

<La..laj Llj£ aJ 111 j cLa jx£ s-Lall (j-o 4 imj ^j-a AjC.1 i. all ^\ (JjI^J a (jjSj j 

(jjj La JJ oJj^jjj (JJa. L-lL^a (JjLui (j^i ojjJa JJ*J S-La dll_aJXJ ^aJI (J^^J Clll_aJC 

laja all 4 a L a-aJ *}Lao "LajJaiall Jiij lilj to llaaJj j-i^ eLall A 1 aJJj 1 aaJill '^J-i 

lULu. Jxxll lillj Jc. *Lu 

Q + W = AU sys <0 

4 L i j (_£Li jj 4aj-aLi. (JlsjjL ^ajoij V \j ^ ; <jala^a <S1» all <La jialall '^J^' 

4_a jlalall 2JU> IfrLa j 4-a jlaiail Ajfi ^L) ijUa ^1 jjSlij V t Aj jjsixll <-a jlalall ^3 j 

: c^i 2-4.4 j 1-4.4 (jl2bl*JI Jjp^J j tLjajl i jL^ J«JI j SjjaJI I'ja. ^ jLoli tAl jjx^l! 

dE sys 

0 = ^- (5-4.4) 
0 = - = A E? 5 (6 - 4.4) 

l-ijiall J AjKII 5iUall jl^laj .<]jjx^]l 3 a jlalalt J Ajjlkl] ^IjJ (>a iLaj <jj ,^1 

4Laj]ila]| J AjKII Ailkll t^ji.! CjIjUxj .JIUjVI (-ijiill J <_sil! lillj <_5jLuj JLpjVI 
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Felder RM and Jia ) lsj^ <^ -8.4 ^-kLall l^SUiai Jc.lia]l (jc. A^Jjll 
^(Rousseau RW, Elementary Principles of Chemical Processes, 2000 

VI (Jaill AiUJI JaliaJl OV^U-a ^ U11& <^l ^iljll -UsUall ^ CjLSliill 

a ■ aJj (JjLuui (JaJ 4l* jaLall (_£jl_)aJI (_£ jla_a]l Jj^a. a ■ aJj jjjjl AiUall ialiajl AjjlLt^ (jl 

LIS ( *JaLa]t 11a ^ ^LojaVI j£ j"n < a 111 .AjjjaJ Ajfkll ClAIiflajjl ^ La j-aC. As. jj Aja. jjia 1 alaj 

<t!la. 4l*-ajj ^ J jaJl ^jls-^t 1.5.4 

AiLaJ ^jic i=aa AaSxj Sjui a u,-iU. ^ 2JUJ 2i,^U, jl (state function) jjLj 

aJUJ Ajj-aLk AjjJ (j-aj .AJUJI lilt ^1 J jll ^ilall jLuiJI (^Ic V <A-a jiaial] AjIUJI 
(J-axJIj ojl_)iJI Lai • _jjll »?■ aJlj ( _ ? C_aj]l (_g jja all j ' ■ U^jjllj Jail ■ ia3l j ojl_)iJI 

J jLoJI (jliciu La$iV (path functions) jluw Jj caJU "^Juti La$i 

.Aim! Jail Aiaxi^aJI AAljiall 

Ajjl^p. «La A^i jjiiaj dll Aj I j] .(6.4 (J^JI) 2JLa. A u,-iLk IfrL a ojl jsJI Aj^.j.3 ik 

6 jl ja. ^a. Cd£ c(l jLulJ) 60°C (jJa. AjJjj t 85°C cs ia. Ajjauoi j i 15°C 
dajLjj cl5°C ( _ s Aj clg-u^j AjjIJjjVI (j^i ^j;-^ i ajll CjIjGjI jl La£ AjjI 

j^ift A-ajiaj-all sjl^a. A\a.jJl Aajxj V t(_£^aj CjIjLuij .(2 jLobaJI) S^uiLva 60 C ^^Ja, Qja i ajll 
^ ^LpVI (-i jJall ^ 60°C L^jLui ^ . 60°C tjJa. 15°C t> sLaJI jjiuuul ^J 1,J, jL^all 
Ai-U. A-aj3 tJjjlLaJI ^3 jLaj^HI ejljaJI IJjLa ■ J c^ji-i Aja.Li (j-a .(jjjJUJI LilS 
A i nil lillj (j-a (1 jLai-a]l) 85°C t5 ia. 15°C(>a s-Lall Qja . ajj ojlj^. 

85°C (j-a s-Lall (jJa. sjljaj ^La.jluil ^»^C. l^^j .(2 jLuball) 60 C ^jia. 

L_a jjj^all ojl jsJI jl^La t(l jL^aJI ^i) 60°C (^ia. 
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15°C jsc *L 



85°C Jic *U 



60°C Jic 6 U 



2 jUuJI 



15°C Jic »U 



60° C Jic 6 U 



j! jL^ :6.4 Jiill 

60 



. jl i n a ajl^aJI ji'n'i lil .2 jLuiall L_a jj- axil j|jiLaJI (jx 1 jLuiall 

.Iojxj .(jila^o <ULa. ^jj ■ al H jill ^Sjl^iJI ^ j"'^ all j [/ <JC jiS! 4jliJ.il! AsUall (Jjaj 
5j4.jj ^^ic. IjjAaJjj <** * jUii^ti Alii, ^jlc iAlLaJI £jl jj ( _ s ^ c - ' U^'V' alaJI (jljlA 

AlHaJl ^jiill Aijxx o^- 0 ] (* Jfc j^JJ •^^11 <SUall la! jl 4jjU-« tlilinkj <1U. (e*jtj J 
.(jjjlLa. (jjj La^j5j3 L-lLui^ jj£-<Lxill jjx3 tLa "Lajlaial (_gjl^iJI (_g jli-all j Ajliljll AiUall 

dlV-is" jl JJ^lio (jjj (Jj^)il' L- iLui^ (j-o (j^-oJ j ^^le. 3.4 ^JaLall ^3 dlV jla-all dlsuJaj 
-3.4 AjL hU'll SJjIslJI ik tjliall Jjjjoj Jc. .OlilLi I^ojS (JjuIj 4£jiJlj Jiall 2ilkll 



:10 



i 7 



+ 



nonflow 



dt 



(1-5.4) 
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AH =-J^m i H i +^m j H j (2-5.4) 

i j 

c4_il£]| AiLkll JalLs.il aJjUaI AjLalfill Sij, all j«. U." "iJ( cLLuaJI J^-J La (J J 

jjxj uluiaJ Aljjla jSjj <L& ^aaaVI <>• J^- 2~5.4 4JjUa1I ^ A// i-Lj*j 

ljlra.1 j .*Lajiaia31 £jl^aj JilAs (jjill 4j) (j-uLuil yJfr ^C^aill fj jl J^ll ^jjja^ll 

I J <La jiaiall JJC ^^jill jl^jaJI (_g jja .nil Jixx ^ji Jjijll ^ SaaU 

AH=-Y j n i H i +J j n j H j (3-5.4) 

«' 7 

Jaliajl Jjlij '^IjP l$JS J' V ,-jll £ jiJIj o-lra. jll jjaiall ,J j 

: J\ (10-3.3 2LLU-1I) 
m ; . -m . =0 (4-5.4) 

all £ jiJIj eJja. j A-o jjaiol 2 _ 5.4 <ljl»-»JI JljpaJ UiLoJ tlil 

-ui.-H, +m.H. = A# (5-5.4) 
m i (H j -H i ) = m i AH=AH (6-5.4) 

(_J j"'^ a]| JJ*J I ■ ai (j^ajj .aJj£11 AJV^J _ji51 j^JI jja all (jc JJC. dua. 

n i (H j -H i ) = fi i AH =AH (7-5.4) 

(_J jj^all JJ«J l— fJ*J liA . 1 V — 3 .4 <JJjaJ Allla-all ^^ic I j ■ -«*' AjaJLlaJI aJA j.;.'^-"' (j^ajj 

: j A// <-« jlaiall (Cjl jaJI 

AH =-^m i H i +Y j m j H j (8-5.4) 



Aj^jaJl all (Jot'ihi* ^^jII dlUI maJl ,j <]j£ll aJVaj (^^jjll (_£jl_)aJI (_J jaa all Luj 

OsT Aj^^ 1 <> 8-5.4 AliU-il ^fl AH ijjjju jjjj4 caJHI AiUJI JiliaJl aLU.*] 
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p£ (jjj lijS 4i*ajj ^jill <|Jj*^ L5ji»-»2) JJ*J t-iL-^ ^Sjj^ .AfcJ 

SJV-iJ (_£jl j^JI (_£ j"'^ all JJ«j] AjLjLi^a j (j^aJ i3 — 5.4 <ljlx-«JI jl jC- Jc-j .'LajlaiaJI 

• Jj-a (jaLuil Jt c^^C.jjll (_£jl^iJI (_£ jfi-s .nil j (JjaII 

Jl AJli. (jx *LajiVi,«ll <_f>=^! lS^I jLoixJI (JjS^J (jS-oJ 4<ULa. £jti H (j\ J] I J=»jj 

(_JjljaJI (_g jfi-s ^11 jjxj J jiajl cJlfLall Jjaui Jc. .<Las.!>La CsljLoLall jj£I JLaxloiLj (_Sji.l 

:B A AiUJI t> ^jlB 

AaJU AH > Byu (9-5.4) 

Lui i a jl ojl j^. jl JjiJ LJaLuc.| ljLjli.1 (J cAjxaj^ 4JL^ J^"^l AjLulSI oIa i ; iHaS 

tlil .(l_j^)*J (jl j^aJ V Ljj^l tl^jLk^a (_5jLuij V 4,1* •> J-all "ULaJI J S jj]| (_£j|^aj| 

Aax^. ja H m{ liua. c /f A — /f ref — J A J i^-jA L$ J J=>*J 

ja H iei fjZldj .H B - H iei —J J»*j B AiUJI J ^ jill J jaJI LS J -^iaLiicI 
: — j J="4 A// ^j^l lsJj 2 ^ (J J** *^ J jjj tjjjjlLaJI J 

AH = H B -H A (10-5.4) 

.Alajal liA Aj-aAl ilj i4lil**]| (j« /f ref Jalijil Jl I Jaj j 
(ja Aluilui f. Liul <jLai t jtuL o il Jc XaJXJ V ^^jC jill (_jjljiJI ^S"* J-*"* 

U Uijj .CjLLuiaJI fl»l J^uu _$»J Je ^jli Jl 3JU. JHa£U <UJal jjflVI (III jiaaJI 

l_ijja (jjj Cllljjijll (jliutaJI J Ai.Ll jLoui «.Lijl (j^-aJ c8.4 ^JaLall j ^JaLall ljlA J si j uialj 
(j-a ii.1 j J JJXJJ tAc <jlc.l '"'V jjala J jLui-aJI J Sjiai. (JS J^l JJJj .^jaJI j (JiJI 
JJC. ^ji.jjll (_5jlj^JI t>\\ JJ«J (^jLuUj .jjUl jl ciaijJall jl tojIj^JI <?.J^ • JVI 

jl ninll <Jj| jiaa. ^-Laa. J CjI jjxjII ^ J-a=>-a (B <5LaJI Jl A AJUJI (j-a ^1) <-a Jalall 

AH=Y,^H k (11-5.4) 

k 

. ts jJa\ jLuiaII Clljlai. J^C jA ^ (jl 
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(j-o jjLolS/l (JJJ^J LlSJ^J 2 ^ LS J**"* J^*^ ' . ^ ' ^ Lg ' ^ jL-u-a s-Ulj] ^ ■ aj'y 

^^Ic (_>ajVl (j^W <_S^ ' ""^ ' " '*>■' ' >, *„'.'^ (juLJVI (jj^ij .Ajtlii-a ojjjaui ^3 ' " Ufll j» il 
(jal JC. !>Uj . (jxoJj jjlj (J-ajVl gJajgi (j« l_ljalL ^i.jJ (_gill JjiLalVl J . jjioill (jjjIM-o (_£.!« 
(juLallj _j^ll ^.fiall ^^jtjijJall (juLJVI jC- 2 , ul.*i.,.Nfl ^j^oj t^jaflll Cjljj (jLo tA-j&l L all 
AjIIc ojlji. 4^. j.lj 1.1a. (JjIa iaa i a 1 " e j^ a§ S-lo JMi. 4jjj£j (_£J?J ^^din-i 

4^ c^li^l JtUHl ^JjaJ ^j^ll jk; M L^lj .(1800°C, lOOOOOOpsi) 

(jji-aiJI till jlaiJI q a i all (jl CjIjLulaII -(7.4 (J£ Mill) ^ i >il jjsl jLji-a sljj Jl 

A# 2 a SjkiJI ( M ) .1800°C^ dijal jill AH, JS-j d SjtiJ (I) 

Ajc jjiLall Cual JC. (ja Jjiall JJ«J Jg-laJ A/fj '3 0 jlxkll (d) kj i all -iLpjl cJ^-oJ 

Sjl«JI ^ ( z ) .iuL-JI jL^ii A# 4 c4 SjJ»aJ ^ (i) .1800°C, lOOOOOOpsi 

jl Jaa.V .AjI^JI ^3 tlual jill ^1 ejl jaJI A^jJ Jl J jxJ jUVl .JJJJJ A# 5 JiaJ i5 



25 °C, 14.7 psi 
AH, 



AH, 



l 



I 

dual jc- 

1800 °C, 14.7 psi 
A// 2 

kit i jal ^-UjjI 



dual jc. 

1800 °C, 10 s psi 



25 °C, 14.7 psi 



1800 °C, 14.7psi 
AH 4 

Jai i tali (_paUajl 



AH 3 



1800 -C, 10 6 psi i^J® J 1 — :7 - 4 

jjjaLill (jjljaJI JJ»^1 
• (^cJ all (_>uL<llVl ^^j^J 



JjLuill j^JAJjjjll JjjJJ 5.4 Jllftll 



335 



((jil^ 298) ASjill Sjl ja. lie J ja. jaII (jja.jjiill jlc. Jlj^jjj )£_y±. 4jl (_>i>Jjal 

. jjiK 77 ^-?-J-J' ^"'^ c'i^^iSliA 4 iLjlc. CliikJ £ij ^jjll (JjLuJI (jja. jjaill ajl^ja. 

ij jLuu (jiSS 77 ^ (jaK 298 (>> jj^jjull jjjjj! g^-^' ^ j' J*^ (_s j^ 1 -^ u) 
J] <1UJI j> ^ jill (^J jaJI jl=^]l JUj J\ i jaJSlI Sjja. j . -1435cal/mol 

^ jjijoll sJjaJ uti ^ jjjx ^) 1336cal/mol ^jL-u tj^jjiill ajjU-JI <SLaJ 

^ojjjjjJI siA ^4 ^ jill ^JjaJI <_£ <iU (<? K1I Jjijll JjlLa jA La .(4.5.4 ^laia!! 



0^298 jJJi 0^ 77 

N ^ J . ^\ JSsI jL^ :8.4 Ji^t 

jlc. JlJ^)ilj 



(jj^jjaill Ajjjj ^^Ic. (JaLooI ^jVl ajlaaj eLiij (j^aJ .(8.4 cKjjoII) JJ^I j!?*^J SjljaJI 
jjJa]| ^ <llilj|) (jj^jjUill £XaJ is^Z- J«i 2 ajlaajj CjjsK 77 ^^Ja. 298 (j-a 

AH = Yj^ H k =^H 1 + AH 2 

AH, =-1435cal/mol 
cal 

AH 2 = -AH V =-1336 



mol 
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AH = AH l + AH 2 = -1435 — - 1336— = -2770- CSl 



mol mol mol 

ol_)iui Lai IsSjJ .Lujii I g i ■'«'« ^JJ^ll <JJj-aJ (jLwaJJ ^Cj^] (_£jl_)^JI ^ j"'^ all (_£-li. (jl Ja&V 
A^jJ Cllljlij (j^i (^J" <_jjll J&i (jj^ (j' C5^] ^ Ji""^ CjLalg_uil 

aJLJI SjLiVI ^ .(Jtiall lia, ^ (jiK 200 Cy j4) '» '» j^Vl ^ VI S J j^l 

^JJ aj j Ai^)^ (Jaj (j^i "Lajlaiall (j^i AiUa AJl _jj i . l^j Ail ^^i. _jjll (_£ jl^pJI (_g j"'^ all JJ«jl 

J (_gjl^aJI jfi-s oil CjI jjxj ^ J-a^-a ojjj^ L^l <_j^ CS^' L^j'^)^ (_J jaa-all JJaJ (_£jLol] 
Cllljjij I— iLui^ JjjIjJa Jc t_J ■ aflll liA AjIj J jalajAVI ' . ' ■ -**'JJ . ^^jJal jilaV I jl moll Cjljlai. 
^j-al' (j' ' "f' ' V A=>. J ^j-lc jjjial iiuij .Ail±i_all jLuiall till jlai. J (_£jl^iJI (_g j"'^ all 
l_jLuia. -IxJj .(_£jl^)^JI jSj'^ (s* L - J ' <_s^) <^ J J^ jjUll j t-4 , al| j 'ijl^aJI CjIjjxj j 

SjKll AiLkll Jiliajl aJjIx^i JJflaJ (j^oJ 4£ jiJIj (Ji.jJI jJJ (_£jl jaJI (_£ j"-^ all ^fl JJXjll 

.(6.4 ^UJI) 

SjljaJI ^.jJ jIxj 2.5.4 

(sensible S jl jaJI si-a Sjl j=>. a^.j:> oalijj j e^Ujl a! jSiall sj jaJI 

JJC. (J^C. jl tAj£^iJI jl A ial£ll AlUall ,j JJ*J Ljji (jjyl A^. a 0 jiluia <La jlala ii. .heat) 
(_JjLjjj Ig-ia Aj jjij jl A_ajlaiall Jl <Lui all ajl^iJI Aj ' il 1 aJ (_£-JI (JjxaII (jl .(jSJia 
a\a jiiiall o^A ' L^a j (j^-oJ .A-ajialall J (_5jl^)^ll (_J jaa all Aj JJXJJ (_^ill (Jix-oll J (J_)^' 

:(jijjjVI ^JJ.'T- II J AjLjalijll (jjaljlst-alL 1 j ■ iaUj 

2m,^, -Z^A +Z2 =0 (12-5.4) 

i ; 

IX "IX +2=° (13-5.4) 

(JiJI j ^_)iJI ^j^a (jjj (_Jjl^)^JI (_Jj!±a_a!l (J^ Ajj jua all ojlj^JI i_gjLun tAlLiJI ojlA 
(jjjljlx^ll (ja A// J A// ^jijjxJ JLasluiLij .ojlj^JI Aji.jJ (jiliijl jl ^lijjl (jc jXi.Lill 

Hi-sail ojlj^JI ^- j 1 .-i") c9 — 5.4j 2 — 5.4 
Xe=AH (14-5.4) 
Q = AH (15-5.4) 
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^^C-jjll (_£jl jiJI (_g nil (jjjS 4-<yii J(j jiaid ^ a-lLo ajl j^. ^fl JJ*J (Ji>ts lij j 

. AH ji AH 

9.4 (JSjjill J^iaJj .'ijl J^JI A-?.J^ ( _ s ic. I La ojLal ^^Cjjll J^JI jii_<i]l Aajxj 

^ylj aaj "Lajlaio ^ ojl j^JI IxJj <i^a jj ^^Cjj]! (_gjl j^JI (_£ jii-al] LijJal jjal I jaJaa " 

^jjaj^ll Jj-a (j^ AH I AT C-JJJSj 4jL^a]| <jx A7^ «-_sl JJsl £-« J .AH^j& 

:(heat capacity) ^jjljaJI Jlu 
C„(7/)=lim (16-5.4) 



ol^j U .C p (T)—; j^j Sj j=J UjIj l ^i uajj C ptJ ia*j IjJj cL;J=LkV bLpj! 

J/(g.°C) J/(mol.°C) <cal/(mol.°C) ^ a^U3J! a,J jaJ 




i^js, 16-5.4 <bU^ll 4jLI£j1I AJu^llj 
A// = pC (T) (17-5.4) 

Ua jj .Clij Jai^a .lie. tAjjlfill SjljaJI I 2 j J jVt ejl jaJI ^a.J^ 7[ jj dlja. 

A , a jjjia sjlj^JI (jx (JLa-o ( _ J Jc. AjjIj^JI (J^il£j (_£ jLay il5 — 5.4 SJ-ila-al] 

.SjL. 

Jj^jjj jl Qja i ""'1 <L« 
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C p (T)=a+bT +cT 2 +dT 3 (18-5.4) 

Ajc dsl jlc. ZlCj s-Lai] I— llmaJ ALiM.nall d J C J b J CI JliaVI ^ji ( _ s lt 1 .4 <Jj.i?JI (_£ j"'^; 
SjljaJ A^jJ) (jt jjxj dLua J/(mol.°C) jll? 1 8—5.4 aLUJI Jlaxa^ls jaJI kijJall 
J AjJjaJI CjU.nll Jc. E.3 J E.2 J E.l ^XaJI <_£ jliJ j .AjjiaJI A^jJIj T 



Jauafl Jjfr d\j\s. eJCj fUU Aj J jail CjU-uJI Jaau ^Ul JjJaJI jjjS JliaS ^ :1.4 JjJaJI 





rfxlO 9 


cxlO 5 


foxlO 2 


a 


AJUJI 




0-1500 °C 


-1.965 


0.3191 


0.4147 


28.94 


> 




0-1500 °C 


7.464 


-2.887 


4.233 


36.11 


> 


















0-1500 °C 


-0.8698 


0.3288 


0.00765 


28.84 


> 




0-1500 °C 


-2.871 


0.5723 


0.2199 


29.00 


> 




0-1500 °C 


1.311 


-0.6076 


1.158 


29.10 


> 




0-1500 °C 


-3.593 


0.7604 


0.688 


33.46 






0-100°C 








75.4 







.°C jjS J uaj Sjlj^JI Aj.jJ Sja. jj J/(mol.°C) ^ <ij J=JI SJ^ J * 



AjuLj Ajjo^Jt ^JilSI -fa* « AaiuaJt ^Lui^Vlj JjIjajiIL A«uaLx!l AjjIj^J) iIAjlua!) CxuiA 

J jVl a=JIj ^Lua.VI j <ij CjUuoJI l-jjJsj Sir. jjlxy 111 .SJ jaJl 

: 18-5 .4 ALU-all <>-^ 

C p =a (19-5.4) 

17-5.4 aLUJI JalS 4 Aitf c^J C j i j^j 

A// =C / ,(T 2 -r i ) (20-5.4) 

Ai axjIj c^J (lcal/(g C) J 75.4j/(mol -° C) ) »U1 a^J jaJI 

oljUJI J ja 18-5.4 aJjU^II J a JjVl .0-100°C JM' J U j»J 

.6.4 JUall 
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tejiai> II oiA <Lojiaial (_£jl^)aJI J?j"~- all ^jtU^ti jjxjII L-lLuiaJj . (J_oa1I jl 0.1a. jl 

:CjV_ja1I jl 3 Sj£II (_5jIjLo (j-o Uil (JLaxiaJ (j^aj 
A/7 = m AH (21-5.4) 
AH=nAH (22-5 .4) 

4 j J uj " AijjJaj e jlaa II o i& <Lo jjiLall (_£jl^)aJI (_j jja all J^*^ (Jj»-a t ■ ll m-s (j^ojj 

: ^1 jJI j t5 iill ^Ull Jj** Jlaxa^lj 

AH=mAH (23-5.4) 
AH = n AH (24-5.4) 

jLkJI Qjljp 5Jl^ J ^a. j-all (JjLoiII *Loll Ifrlaj tdll jlillj (JjI_jjJI (j'-".' j aij La Jj 
ojl^aJI <La.j.J IxjIj ^ a i -«j « ^^C^ajll (_£jl^)aJI all '"'1 UU4. ^ '-.^"i (_Jja. t^iinall 

i ■ ,j j 6-^ j 5.^ (jjialall mi a II jl a jll _jj]l (_£jl_)aJI j"'^ all ^ji 4_aJ j ail ■ all j 

Felder RM and Rousseau RW, Elementary Principles of Chemical Jl») ^jaj 
Proce^ei'^OOO; Perry RH and Green D, Perry's Chemical Engineers' 

.(Handbook, 6 th ed., 1984. 

o-ijjfl f IjfSI 6.4 Jliall 

Jl <U_aa..i JjS 37°C Ja. -kia-all ojlja. qa IjjS 4 uijjj ^jJI ol j^JI tijj :<Ulubt 

• 20° C iajai all s-IjA ojlja. 4-a.jJ (jj^ La-^ (^ jill cSj'j^l' (_JjJa_all jjxj t ■ Luia.1 .liliijj 
CS^ 0 (-5 Ajfuiill 4jjJajll (jl jl t<U2 f.La (_gl .lajj V (_gl clalaJ k-jla. s-l jgJI (jl (j^ajjjl 

.Alall 

i^l As • 37°C ^ 20°C (> »l _*ll Sj a^jj jL^a 10.4 JiSS : JaJI 

(_g jia-oll JJ*J L-lLuiaJ j . 1 .4 (J j II J el laa a o jl ^)aJI <La.j.ll 4j«jtj IfrL a jj t ■ ll uia 
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: 17 — 5.4 <taU^ll JLaxU UiLaj cd jgJI lie. ^ jill ^jlj^JI 

a// = [ c„ 

f 37 C A A A A~, Ar^-lrr, . rs^A^A A ^-Sm 1 A n s r- m J 



= f (28.94+0.4147x10 2 T +0.3191x10^ 2 -1.965xl0" 9 r 3 ) dT 

J20°C 



=491.98 — + 2.01— + 0.045— — 0.00084 ' 



mol°C 



mol mol mol mol 

J 



= 494- 

mol 

^jji ^^C-^aill (_£jl^iJI (_g j'l^ all jjAj j .(j^ajjiAll (_£jlj^JI (JLa-oll (j^u-a 1.1a. JY* \ s, 

.Jj-11 494 

liijj till .-ll-jjj AjjIjs. 4a.j.j <j! (jJa. ^ji IjjIj jlxJI dV j-a -J-JC jj^J lA^I jll (jjiiill c-Ltal 
^3 j . jjijj V «.l j^JI J (j^iljjalj !5LJa jUll Jjjj jl L-la-1 c^Jlall jlill jjjUl 

oi& (jl (jJJJ j I laa ■ 'tail IxJj (jjjl ^^i. _jj]l ^jl^j^JI (_£ jja all jl liiJajjal 4 JjjLuJI L-lL aa II 

.3.5.4 J-kiall <ji eJjl jll 3iWll<iti Jja j aAia. AAJajill 

laLifl ji3 3.5.4 

AjxALj <JjjaJI j Ajjjall aJajll ^ Lij i all JJ*J jc 4 .n^liU (_£jl^pJI (Sj" y ^ t - J 'j#" ' * ' ' "-'^ 



ji^i yo\\ J a£j ■ .'V Ajjj^jJs 1 1^ (jl VI cIaUjI J 1 j ■ ■■«*' ^^ji.VI Cjl jjxjII 

: JiJj s jill ^ijb ju jjill jlislj 25-2.4 *hl»-il 
A// - AU + A(PV) (25-5.4) 

^aJI j U 4jc. jjll AjLkUl <aLkll ji 4j1 all ^Lua-VI j JjI jjjII <1U. ,J LuJJ^ Jaa> jl JSj 

2JU. ^ ^jL La ^1 25-5.4 aLUJI JjI^j lil . Vit.^l jc. Lujij J^&^ V ^ jilt 

;AjL-all jaLata.Vlj (JjI jmll 

AH «V AP (26-5.4) 

• AH (^3 ^JJ V lilj iAj-aAl Ol j kj ■ all ClI jjij jjSj V 'Ajjja H -^'^ 
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li] j ' iaii ■ all Jc _jj]l (_£jl^)aJI j_g all V 4<Lilliiall till jlill (J-aaJ La ,j j 

"iA (j£l iaa i all tllljjij (J^ilxjll (jja. Ijik-a (_gjLay A// (jl (_paljj3l aj i aJ 
4 laj i a (Jj-^J ^ "V^ jl 0 C diaj Jl!laJI jlill ojl^)a. ^\a.jJl (j_9^ ^ AAJa-t^a JJC- 1 1 aJ 

£aJ J AjjjaJI 4jiUII lIjUI maJI J Cll jAaJI ojjlj dlVla. o^A j jaJI Ia» ■ all (j^i I JJj£ J'-' 

Reid RC, Prausnitz JM, and J^) aJUJI jjc CjljUll (j^-aa-s LoSj J&I US 
.(Poling BE, 77ze Properties of Gases and Liquids, 1987 

jjlail jju 4.5.4 

Aajqj ^jl^jaJI (_g jja all j <jla.l ill 4iUall J Lnjoij a j;;^ dlljjiaj AjjjJall CjIjjxjII (jjaljjj 
S-Lall (J_jaJ ia. . (jja. j jAlgJI Jajl jj lg La j tdAjJ_}aJI (jJJ 4j£jLujjll JJC. iajlj^)!! (jj^J J _jl ■ 'V 
<Lolj Aj^jaj s-Lall ClAjj^^a. ■ j lj^"'"' ' ^ .'^ Jj^l J L-lL all j (JjLuill j (C jl ojl jlal (jjj 
llAjjja. UJ^ tl_lL-a]l j (JjLoill (jjjjJall J j . is^S* LSj'j^- LSj^ JJ^' 1^* ^-^J 

a£j=JI Ajja. t> kjB VI ^>il ^2 V t<>^l jjiJI Jj .Ail^j JLa *la!1 

jij-ai JjLJI «Lall (^jill (_£jljaJI <_j jja-all (jli c2.4 J j-laJI J (jlbo jA La j .(jljj^ll j 

.100°C-^£^I ^ jLaJ^ill ^li(> 

2Jla. jl <Jaij Jl 4-boiillj VI &alj V j C(_£jl jail (J Jx* "II Ajlxill 4-ajall Aijx^i (jLoJ V 
Jl 4 luullj ^^jill (_£jljaJI (_g jpa all l_ teLall <Ula. Jj .(1.5.4 ^Jalall jiajl) Ajx^.j-o 
a ;ll j (JjLuJI iAaitill ojl jJal La^-)3 A-al^J (jjilll lax ■ aJI j 'ijl^^JI A^jJ (_^l iA^iljll AlLkj 

pU3 ^>JI ^ J jaJI ^ i^all lJj^j .(O.OFC, 0.0061 lbar ) jj ^ J c^^'j 

(jl (jS^u _jill (_5jl^)^JI (_g jqa "II ^jS (jl . I jii^a (_j jUjiJ 4j|j UJal tV.I <uMj]I 3 Ua'ill jjc 

.(jjalLa. (jjj (_3_>ill L-lLui^ (jja. iaSa (J<nr J un"i 

Ait Jl Jjla (j-a S^Lall (JlSjjL (jjjLJI ^gCjjW f_gj\j2>A\ (_Jjia_a]l J Jjijll i_jj*Jj 

s J jaJI J jc. Jt j .(^jjLII jjiill J (latent) 3-L»l£ll » J jaJL jiLilj s J ja. Vj J j 

AjLam ^IjaJluil jj .(_^jl^)aJI (_£jja-a]l (jc jj <»*ll ajl^a, ojLjC ' "'I al lA • aj i aa all 

(_Jjjia JJ*"'.' (jjP^^I lSjI^^JI iSS'" LS jUuJ Sjl^)aJI (jl Aaj 14 — 5.4 Aj^l*-a]l ^l^aioiV 
L- iL --II j t(_5jlaJlj (JjLjJI (jjjjUl (jjj (JljdiiU 1 ■ aaXa 3.4 (Jj la II (jjjj e l^a a L_ij_)l3 lie. 

.(_£jLaJlj (JjLmllj t JjLuJI j 
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fUU <j& jjljaJI tsjia^l :2.4 Jj-lsil 


taa i flit ^jt-uu JaLuaj Aj^La AajJ 100 iic 






( J/g ) <^^t (#J>>JI <SjS~fl 




419.1 




2676 





.jjWl j£i ^JJJ^" :3.4 Jj±?JI 









»JJJ^1 ^ 








jUill j 






-AH V 




















J~ 

















(_5 ji=^JI (jja ^ (latent heat of vaporization) A// v jjsjjII * Jj^j 

(^J * !a« I a j Ojlji. A^.J.i AjC AjjLiJI J <ljLuj]i Jl'i-. II ^"lIMl^ (jjJ ( _ ? t _jill (_£jljaJI 

(Jt) AiiUall j^a jja nil ■ ■ lUajj jA. iill AjLui] ^^^jjll (_£jlj»JI (_£ j"'^ all JJ*J ' « i aJ 

jA (_£jljiJI t_g j"^ all (jl Jjj cji-Jjll jjij^x^i jA t (jl Jl Ijlajj .(^iljx s-Lo (jjJJj) 

.(- AH y ) Aia1£ll jliill Sj j^J aJLJI A^all ^ i_sSI£j13 Aialill S J j=JI jli 4 aJU a^U. 

.AiUa Ail jl JjL, Jl jUll L-ikL I jl 

(_5 jl jaJI ^jia^ll (3ja ^ (latent heat of melting AH M ) 3-L»l£ll jL^uajVI SJjaj 

jlgj-aiYI ' . '^""J UJ',"* a la* ■ J ojl Ji. A^.jJ Aic aIjU j A jL all j"'?- II JxAi-a (jjj ^^i. _jj]l 
j| (. , aj^| (jii jSx-a jA Laaall (jl Jl Ijlijj . ^^AiLa lila II qa t it's a jljjj) AlUall (j-o !>LkJ 
aJLJI A ajflll LaaJjll A Lal£ll ojl jaJI jli cAJLa. Ajj^aLi. jA (_£jl jaJI (_J jpa all (jl Jjj 

.AiLL aJIJ L-llkL ULa yj^ajl JjLu iLa^J jl .( — A^ M ) Aiallll jig uaiVI ojljaJ 

(_5 jj^all (jja ^ (latent heat of sublimation AH S ) «LLal£ll S J j>j 

(j/'J» a iaajJaj ojlji. A^.jJ Ajc j^'-^l AjjliJI j A Ai all j/'»J' all jjj _jjll (_JjljiJ1 
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ct_ala. jja j tjjjjj^ll ij i aal ^jj^J i_>^ ' . "•^ " i« ' 4iUaJl j-a 'ilrO S» i alll 

OjljaJI (jli l i» i alll (_jjij i St « jA ■ -1 1 " j"'^ (jl ^l Ijiajj .^!lliLa jj^ajj^l! lj i aal (^Ij jlc. a.}! 

jl^aj^l s J jaJ <JLJ A-ajall ^ jLuj (latent heat of deposition) i-L> Jill klASl] 

AJlaJI Qij JjUl CjIjjajj 2 "ij-.a A\ ^jljaJI jja-all diljjijj i . Ajall liA • ( — Afl s ) 

Ailja all 4jLaJI J jlaYI j^J '^lM-^' J AjLall 

l^J ^jaxjj Laj i all j SjljaJI 4-a.J^ (j-o (Jal (^A 4i«al^]l ojl jaJI (jl jA nil ada all 

(Jjl-la. - lax " j .l^a. 4 »j» ■ ia Laj i iall I frJJa ij (j£J iojIjaJI 4a.J.l £-« ^J^^ ^jl "'" Ji*-^ tj' 

.(^jjLjxxll SjljaJI lie. oLLx^ iLallll SjljaJI 

.AjjjaJI 4 ■ a II CliUjjJaJ 4 a£ <\ Cjljaj^i 4 » ■ ajl 3 Lal£ll ojl jaJI ^ajii < _ s ic- 4.£ (jaAall ^ J^-j 
A Lalall ojl jaJI (jc lAAic. i lla ^^jll SjljaJI Aa.j.3 (JjlAaJI ojlA (JLoatliuil (jja. Ajjj 

37 °C SJjaJ UjJ Jfe f LtD >j2 7.4 JlitJI 

■ 37 C ^ o jajj Ltf^ pLall ij-o -^aJ jll ^1 J*^ (_S J^P-^ iSS"^ Ji*^ <_imaj :AjLubS 
ja_)j a j! ja. JLa*U JjVI (j a . ^iTi . jdliLjlaJ aJLuaII d^A Ja. jLaJ : JaJI 

J) Aai^ ^ .2414kJ/kg csjUij 5.£ ^ai-ll sU*** <37°C j3b 

•2 j^Ua all <Lol£l! f.La]| jiii ojl^)a. (j_j^J .(38 C J 36 C (JJJ «ljiluV 

^ « .-, . J / 1 cal \ cal 
= 2414 - = 577 — 

v g\4.184J/ g 

jl nirtll Jl iMlLAj 37 °C lc SjljaJI L-jl ma '^'< -I t((jUlill Aa.jJ ^ic.) JaSS 100 °C ^JC 

:(1 1.4 JL5H) ^-al JiaVI 

AH =AH l + AH 2 + AH 3 

37 °C (J>« e-Lall sjl ja. Aa.jJ jijJ (jjjLall ^Cjji\ (_^jl jaJI (_Jjja_all jjij jA A//j (jj t"'J^ 
'100°C lie. f.Loll jajjj (jjoiall (^C-jill Lij'j^' ^jda-all jlij jA AH 2 j s 100 °C ^jJa. 

■ 37 °C <_sJa. 100 °C (j-a >La!l ^Jjiil (e 11 ^ (J J 1 J*^ LS j^ J^*J A// 3 j 

lAajlj ^jAj t'ojljajl <a.jj 4jtjlj Ajjl jaJI 4» mil I lluy hJjLoJI s-Lall jj-aaj La 
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AH l = C(T 2 -T l ) = 



75.4- 



mol ° C 



lmolY leal 



18g X4.184J 



(10OC-37°C) = 63.1 



cal 

g 



:5.£ (i^LJI sUa*- 100 °C *LJ1 S J 



37 °C 



AH 



AJ7, 



100 °C 



A// 2 



37 °C 
iA// 3 

I 

Ale jLaJ 

100 °c 



^^Ijial jL^ :11.4 JiuJI 

• 37 C -iic «.La]l )") J 



A/7 2 = 



2257- 



lcal 



= 539^ 
g 



§ A4.184J 

I^jCjill (_£ j! j^JI Jiik a\ \ jjxj <jj£j c 37 °C ^jia. «.Lall jLkj AJJJJ 

A/7, = f 37C C„(r)jr = [ 31C (a+bT +cT 2 +dT i )dT 

3 Jioo°c '' v Wc v 7 

= f 37C (33.46 + 0.688xlO" 2 r +0.7604xl0" 5 r 2 -3.593xl0" 9 r 3 )jr — 

JlO(TC mo l 



= -2140- 



mol 



1 moP 


r 1 cal ] 


1 18 gj 


1,4.184 J J 



= -28.4 



cal 



AH = AH l + AH 2 + AH 3 = 63. 1— + 539 — - 28.4— = 574— 

g g g g 

jLai-a (JLaxlLaAj 2 ij , „^ A\ j c 37 C •iit S-Lall J' JlIJ ojl^iJI (_£jLuij aJc *LijJ 

.(577cal/g) JjVl AiijUlj a^jSII (> 1.1a. ^ j <574cal/g t^-^ljial 
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Jjelia 5.5.4 

jp u£jj3 tAjllSa 11 (Jjjl a^a31 (j^ ^ -"^pl J^V l ~ J ^ j^all ClLal g i Ui,,MI ^ ]l j ^j^al] 

I 111 ^11 jjj SAjAa. Jajl jj j I A aj jj]la-a]l SjjlaA/JI dlUjjaJI (jjj Jajl J_)ll 

jjij lS^jJ La IaAj toAlt Aaliail jj^pj jl al i aJ "I (J' aaj < tjjll a all oAA ,j j . Aa. j j-a^JI 
^jJaxa AjA«j Ait ojl^p. (JSjuS ( _ s it AiUa (jUalj iJliLall (Jjfui ^j-lt •(.sj^)^' ^Hij" 4 ^ iS J"'~* * cs^ 
4iLuaj (JJa. ^jl ImaJI ,j (_gj!^aJI (_J jia_a]l JJ*J Ai.Vj .sLalLj «LaJI Jjl^ ;J jl Cil_)j£]l 
.^^jJaljpa^l jLoiaII o jjaa 4iLuaJ "Lala. 4_aj jj£j cJjLm ^1 AjAaJ (J jla-a 

<_s J jaJ ^ jia_J UpL (heat of solution A// TO , ) JSlaJVI » J ja. i_a"j*j j 

(j^i i la a jlALa ,j A. a jl 5jjlt^ J!>Lij!!}U "Ujlii ojLa (j-a AaJ j (J ya Ujj3 t__ll ^ a jjju.il 
(j-a AM j L-ljllj tljjj^ ' ■ UA»3I jliia ^- « i aJ LaAit j .7/ AAllj ojl^a. ■^ £ - (JjLoi i ■ uAa 

(heat of mixing) SJja. JaIj .^LpV aja^ Ait J^^j^l s J ja. tS Aui <£a. ^- o ^ 
(_ja1I iaIIaS <jUi-a (jJjLoi ^_>° U^ 3, lS^j^-^ isS'^ J^*^ ' . ^ 1 u] * " 4JL^> 
(Perry RH and Green Ailii^ ^jil <_£& <jj_>a]1 j Jjk-aJI s J jaJ ^ i J jk_ai] 
D, Perry's Chemical Engineers' Handbook, 6 th ed., 1984.) 

Sjlja. (jt (_5jljaJI ^5 jla-all 4-a^_a Clljjij ( a=>jj V cAjjJaJI Clljjj;^! ^aiax-a ^ j 

AjjLa ^cj| J)-a ( _ ff A <a.jli.j ^j-aJI ^maJI Ji.|j (Jj]la_a]| jjax-a (jl j] . (J^La-iVI ^j'j^-J ^_>"^' 
4j3 "-Jjjj ^^1' c-LaJI (j-a i j ]«Lii-^ (j^i <lall ^ 70 (j-a ' afcj C(JlfLa]l (Jjfui ^^it .sAAax 

-U» .Uiajl (JULa jA ;C jja j| (JtlLallj 4 ■ aia La jjAAllj CIiIjj'sliiII j OLLuj^JI 

(j^i Aj^a <-a!i j j£j (jl I Al . Jy£ jlll 4 ■ to la (j jSj ^Lall (Jj J-a^l (=5 i * <N ■ UaM Jjll ^ ^ j CjLiAx^JI 

.(_jIjS1I lift ^ JMijVI sjlja. j ^ j-all Sjl jaJ jjliill 

AjSjaJlj iUlSfl O^Uall ^> AJliJI S jSlu^l jiiJI fJaUt 6.4 

' ij la II SjLall Cj^)Jt IjJ .4-a jlalall J jAa. jj£ SjLal] ^-a A^. jaia <JtlijV 4-a jlala Ak 

(_J jla_a]l (j^u-aJJ ^^jll Sal U\l '.I ^Jjlx^i ^u.-i (JLaxiuil (j^alj tjjSAla (J^it 4-aJ (jl£ 

■ 1 1 Ap.j ^jitj cAjjUI AjjjaJj AjjjaJl ^h'll l j-a .(_5jljaJI 
^j_a j-all ^ jl ^lijj^l ^ ^1 JJ«J jl i<t_>jaill Ajllt 4£ja. J' <aaj V t5jjLLaj£ Cliltlij 
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4 i«Kti jjiiaUall CjI JJ*J (jl Jjij ( _ s j1I (JjI in n\\ (j^i Aj3 (Jxlstij I il . ^ ...jUii * Jaa. i 
^ jjxj 1$j3 J' aaj V Ajlc-lij^ ajfima jiala ia. .^Ijjj IfJS 4-jK3l AiLkll JJ*JJ V 1 ilj 

: Jl 17-3 .4 j 10-3.4 jiibUJ JjisJ ^ .*U£Bj k£ jaj j^UJI 
^m^,. + 2j2 + IX onflow =0 d-6.4) 

£m,/?, -^X^ +12 +Z^ nonflow =0 (2-6.4) 

i j 

.3.4 ^jaLJI eUasix CjIjjxIaII i_kjjlxj 
(_£jljaJI (_JjJa_a]l JJ*JJ '(2 _ 5.4 <Ujl»_a]l) AH i_gj\j^A) ^jj^all JJ«J (Jistx L.SJJXJ QA 

:J\ 2-6.4j 1-6.4 <jtti*J1 Jji^ .(8-5.4 A// 
-AH+Xe+2:W nonflow =0 (3-6.4) 
-Atf +g+W nonflow =0 (4-6.4) 

I - 6.4 (jiibbt-all ^ oJ_j^.j-a]| Ajlxill ^^jill (_£jljaJI *W ^ (jc ^li'mi li& 1 

. (JiJIj ^j^JI oIjIjj jxiS jjj (jjji^l Jl axlkAj lillij 2 _ 6.4j 

^jll 4jlcli£iUI ^Jajll ^^c. _aj]| jaJI fj jpa all jjij L- il m-s Aji£ t5.4 jiaa-all ^ 1 j i fflj 

5.4 ^JaLall (_Jj|jJa JjSj tU3 *&J . jjjallj jaju-iillj ojljaJI JJ«JJ ClUj^-a j a ■ 

<Uj1jla fJjjuf k A jjJsj IgJlasLLul (jS^u ^jjll < ^CjjJI <_$jljiJl jj'* Cj| jjxj t_iLuta. ^ 

.4-6.4 j 3-6.4 hM tilUI JaliaJI 

6L/min j^j ^jlxll j " jl ,_j^jjal .(_jjiijj]| <_£jljaJI all j!ia :<ULui« 

(jl j «.Lall jlijJ ^ una J^3^ (j' J ' 20 C ^a.j.JI LaLaJ ' °t a II «-l_j^JI (j* 

• 37°C t_sj\^> jl ja. 
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® 

6L/min 20° C ^ lJU. 

37° C j^-^-j ^f-^ 
6L/min J-^ 




.(jiiUll tLul e l j^JI AiaiS j i jjKjj :12.4 



:JaJI 

^.i*;*"' . 1 

3 jLjill J^uj <20°C^j^ JiU t-M olj^JI 1 jUJI jL .(12.4 JSJtf) 

lax • a j ojl^)a. ^-^J^ (jLa-» y& jjSI J*^! J^j^' 

.Am jialall Jl eljgJI 

JJ^ .2 
iijjlji^iji (I) 

.Jja.Ha JJC. (J^C -la-jJ V • 

(j! ^^it (_J jJaJJ I^A . eLall jLi-J c ■ iLj&J J ja._jj ^ULoll jliJI liljlui s-ljgJI lillmJ • 

.Jaau^all ClI jjijj Jjlis V ^jl^aJI ^jja-oll 
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. 28.84 g/molcfj^y ^ ujj 11 • 
• 0.0012g/cm 3 ^jl^ »l j«JI • 

111 .AiaJI ^3 6.7 37°C ^JC £JiLa]l «.La]l jUJ • 

.L*_uLa (jj^J 1 ojjai t_iLaJI p.! j$JI (>> lg ^ «La]l qa liijij 0.04 lg A^ij 

. °C, cal, g, min, mol jll • 
: 6L/min lK-^ l&" JLaxlJj Ji^ll jlij ^Li s-maJj ^o^Vl (di) 



m l =Vp = 



y min y 



0.0012- 



V 



cm' 



1000cm 
1L~ 



3^ 



= 7.2 



g 



min 



jLuia. .3 



Jm IVS 



nonflow 



dt 



SJjla-all (Jl jai.1 qa I jiS aJ 11a j cJja.Ha JJC. (JxC. .la-jJ V cAj£^aJI j 4 Lal£31 

-A//+^e=o 

«l,air - «3,air = 0 
^2,H 2 0 ~~ ^3,H 2 0 — ^ 
I^jjVI (jSj "Lajliiall £ (JikJ ^ s-ljgll J j-a]l Jjaill Jix-a t.UnVl • 
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Vp 



"l.air «3,air M 



6.0 



L V 0.012 gV 1000 cm 



mm 



V cm ; 



3 \ 



28.84 



g 
mol 



= 0.25 



mol 



mm 



*U j> 0.041g J-au 37°C ^ *LJ1 jLLu ^aAJ *! j^I J J] I jiu • 

^jiJI jLjj ^ s-Lall Ai£ (JSJj (Jia-a t— ll . n~> I IjS aJ " aLaJI tlj^JI (j-o 1 .0 g (J^i 



m 



3,H 2 0 



0.041 



V 

AH 



gH 2 Q 
gair J 



7.2 



gH 2 Q 
min ^ 



= 0.295 



gH 2 0 



min 



20° C ^IjL^ll 37° c 



A// N 



37°C 

_ _ _ ^. ^^Jaljjst jL-n 



* 

/ah 

, vap 



Jiijl ^j^aljial jL^ :13.4 JLuJI 

.(jnVnll e-Lul 37 C -lie *La]l jjijjj 



37°C ^ *U ( M ) <37°C ^ 20°C t> «-M ^1 (I) 

r^jljzJt lSj^ *^ Ja*^ ijjujii .(13.4 J^j^JI) 
AH = AH warm + Atf Vin 

warm Vap 

J • A^warm = 494 j/mol J 6.4 JSJ t> jki 



A// =n, ■ AH 

warm 3, air warm 



0.25 
v min y 



molY_ J A 



494 
V mol 



124- 



min 



AH vap J»±& 41.1131 sj .7.4 JU 37°C ^ *U1 >iS <^ jSj 



.577cal/g ysjM 37° C 



A^vap = ™3,H 2 0 ^ vap = 



0.295- 



V 



min 



577 



cal 

g J 



4.184J 
cal 



= 712- 



min 
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Xe = A// = AH mrm + A// vap = 124-?- + 712^- = 836— 

min min min 

^Uja ^jLjuj . 836 J/min (juiiill els ojlj^JI £-L^a Jo** csjiuy :t_jlj^JI (I) 

4 ■ "j ■ aa all fi^)l^)^JI 

jaj <_£ jLju s-LxJI j=>jj (jc. ^.Lill Sjl^pJI ^Lij^a (jl . 712 J/min S-Lall 

j* J oj^jjjilall iillj (jx (JjiiUll tLjjl e SjSLttll SSI m ^jj • J^wMI (i . i) 

.(Guy ton and Hall, 2000) ajj^I UOlkJ 
'288 kcal/day J 200 cal/min ^jSII Lj£ j^lfi 836 J/min ajj^JI 

J.}** (j* 4j*]l 18 — 16 JiAJj O^Jnllflll jXlill (Jl-?-0 (j"' <a *ij A-ojS ojlAj 

J AjjLuuS di^lclij Jjj-aaJ A_aj!iUI (_g ji i all AiUall t^L^Vl <-£Uu.iVI 

(jjliKll j ■ ■ i Ml j j£j*ll ( _ s JjL<axll jlfraJl AajJuJ^\ 2 kiljVl t5 Jc ialiaJI j - 1 II 



AJflHl kj^UI S J jaJ 9.4 Jli»l! 

j '-I to ''I sj-J (_paJjAll AjUatl JjS. lijj t4jji. JjS. ^oll \; aaJj Jl Ijlij :4jLuia 

30°C Cy Jj-oj^L; j>^ll u-o 10.0 L/min Aaaiil <*j!UI Sjlj^JI JS** i.u^l .<jjlja. 

Jl !}LaC. <■ <n^J . 14.4 J^jill J (jjxo jA La (ji j JIjj^S <jli-^ JLutiuAj 37°C 

c 1 .0 cal/ (g ■ °C) (j jl-u j ajjIj ^ ajj! j=JI 4*^1 J (j^jlal . 0.50 kW J s o*aj jh^ll 

IjlJ <_£ jLujj JLxill (jriuajjll «lc j (jl j 4 1.0 g/mL <_£ jL^J 4jsAj£ jl j 
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® 

10.0 L/min, 30 °C 




© 

10.0 L/min, 37 °C 



^ (jja»uj jlja. :14.4 Ji^l 



:JaJI 



( « j i >?"< • 1 

. 37 °C J± 30 °C t> ? J u- 10.0 L/min ttLfil r _pUI <j^1 Ji— (t) 

<ia jTjijj jU m\l ^1 Ji.Jj .^Jl AjSJj jl^a. 14.4 Jg kj I-kki-all 

J] J-sc. t-iLiajj .10.0L/min 

: ClUja j3 (!) 

.(37 °C l5 jL-S 2 £ jaJ jLu plfijll ^ a J jaj 4^ jj (^t) ^ J^ 1 

. ja-p .la.jj V • 

.<La^a iaja all ,j jfliall ajl_)aJI • 

all AJLiJI (Jxaj "LojliiaJI • 

■ ■4 <\ 4j£^aJI j 4_ial£]l (jjjaUall till jjxj • 
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j jj-o^j dljjjtAxill (di) 
. jLjj Sjl ja> : 7J • 

.«.lej]1 (Ji.bj ^ jaJ! jlij Sjlja. a^-jJ : T 2 • 

. °C, cal, g, min • 

Jix-o JLmU Li&aJ tl.Og/mL^jljyU f-JI AiliiS. jl (j^ljial Ijlaj IjjA^Vl (til) 

(jAJ Jc. J j..t>11 1 jUJI ? J (> lO.OL/min J^-^l <is-£ 

. lO.Okg/min csjL-y 

L-iLuia. .3 

ialiajl (jli 4 J-aC. j s^Li (jSJj ClV ^ CjUkx-all jl J) Ijlsj : CjV jlx^ll (I) 

:liA JL«j^U jllafiLJI Ua j/^.uU-.H aJUI AiUJIj 41&1I 



/V /V /-\ ■ /-\ /-\ /-\ W • ■ . • // I*,,,, 

m,.(E„, + E K . + H t ) -Z™j( E r,J + E kj +H j ) + ^Q + 2> n( " ; 



nonflow j, 

at 



kg 

mj = m 2 = 10.0 

min 

2_Lal£]| jiiaUall Csl jjxj (j! Jlj 4 a j£l> n « II AJliJI J (Jxxj jlaiall jl Jl I Jajj • 

:3JaaiU) SjftnKiti 4JUJI J <aUall j-« <taU^ Ua J«»"i»>*i ilL^ AjSj^JI j 

4iUa]| JJ«J jl VI 4Aj£^)^JI 2 SI Ull jLag-uy ^^iJI j (Ji.^11 (_£jljJ (jl 

jIlaa iS "^J^ . ^ (jlj jLulLo ^^iJlj (J^^]l (^J^a-o jV l^)ij-a (_£jLulj 4j£^)^JI 

:(J-a*Jlj ojl_)iJI j« (Jil .1^1 j 

jiJI j (Ji.jJI (_SjLij (J-aaJ La J • 
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m x H x =m x C p (T x -T m{ ) 
m 2 H 2 =m 2 C p (T 2 -T Kt ) 

AlAx^W JaiJ H lef (J -L" V^-J- 0 '^Jj 3 - ^-J- 3 ls* T Kf jl 

^ (T x - r ref ) - m 2 C p (T 2 - r ref ) + Q + W nonflow = 0 

1^^-^) + 6 + 1^=0 
Jl i_iLiaj a;V i^j- (0.5kW = 500J/s) (jai-ll J«JI lua jj 



10.0 



kg 



min 



Lo- 



cal 



1000 



kg 



y v y 
' 0.239 cal v 



+2+500- 



V 



J 



(30°C-37°C) 
60s 



= 0 



^min J 



Q =62800— 
min 



1- foil .4 



30 °C t> »J t> lO.OL/min ajsjo! jkiJI Jl ^iLJI sJjaJI jaJI (!) 

. 63kcal/min ^ jL-y 37 °C J=» 

I ag-jl^ jl (J^C- jl Sjl^p. JjJa. Jt dljl^l AjL ial 3j CjVjIx-o jlajLmll (j^lj-all j a ■ 
"La. jjLall <-o jiaiall Jc AiUall lal La i\ <tab«_al 4jJJa ll 4j-b <all jxi 4 . <ULa. JjjJajjj 

IJijj . (JxxJIj ojl^aJI (j-o ClLal g > ill 1$j3 -la.jJ ejSluiia 3JLa. J (J^utJ Jill AjlcliiSUI 

Jjl^a. 4^>JJ ' . 'I ' ""• • (jLjJ^" ^jljJ jl i aJ rfi (jiiljSUl ijljjjl^ijl (jlitiaJI j . T 2 l^Jjl^)^ 
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(5-6.4) 



+ +H i )-J u {E p . +E K . +H J )+Q +W aoaflow = E» -EZ 



I^VIS Wlj ^jl jail <_£ jx> *\\ jjxj i ■ n^jj 

AH^mf^-T^) (7-6.4) 
: m 2 lh 3 ^ L> Jj .L> 4jx^.j^ S j! j^. <=>.jJ 7^ j) t-y^. 

AH 2 =m 2 C p (T 2 -T tef ) (8-6.4) 
A// 3 = (m, + m 2 )C p (T 3 -r ref ) (9 - 6.4) 

J < _ J K1I JJ*j]l ' j/','*- "fy j/'^^ ^1 ^ jL^J A^j-ojJa-all ^Jjill 4jjljaJI 4* uill 

AH =AH l +AH 2 -AH 3 =0 (10-6.4) 
m l T l + m 2 T 2 =(m l + m 2 )T 3 (11-6.4) 

r 3 = m ' r ' +m ^ (12-6.4) 
m, +m 2 

. 12 — 6.4j 1 1 _ 6.4 (jilljlx-all J <allaxil ojljaJI dLi.jJ JLaxjjJ i .La^iiijS £_« \ u.ii via 

(25°C) Aijxll Sjja. 4a. jj .Ait sLo j> lOOg^aj J <jjj tjliall Jjioi ^ 
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eLJI (j* HOgA^jUll A^jlalall .*lj| ,J ( 4 °C ) o-^JjJI JJ-^j e-L* (>> lOg £-« 

cs-^j- 1 l>w 2^3^' * J^J^- uj^ (_>"J • 23 °C ^jjl^)^- ^■j^ l$ j'-^ 

J jal^joij JJ^I Cjlj ojLall ojIj^l J] S-ljSI (jj^J (j'j t(j/',^"^VI (jjJ^Lall ojlj^. 

JL-Udl oift_yi cr-^ ^ >^ ^ s J* 1 ^ ^ 7 - 4 

(Jia. J o^Lall £3 j-o jl ^lijjl till jjij LaAic jl Ajllc. \c jjji till j SjLall (jjSj 1 * llo !)\!lo 

S jfunJ <1UJ J jiijl jlkiJ! AjK AiLL ^1 V ti JiiaiJ aJUJI J .S iaU-« 

aJUI aSUJ JsiliaJl <bl*J (17-3.4) ajj^JIj (10-3.4) 

(1-7.4) 

< y 

(2-7.4) 

£m,(E p , +E K . +H i )-Y j m j (E PJ + E K . +H j )+Q +W nonflow =0 



•a 

E p =gh {3-1 A) 

E K -\v 2 (4-7.4) 

Jl AWiLi ^lijjVI j&, h j i^tajll ^jLujII CjjIj jA g j 
jl .^ill jl ojlj^JI A^.jJ J Ol jjxj i ■ inn; (_£jl j^JI (_g jpa all J Cllljjij J . <aaj V 1 j 

'•lA 2 _ 7. 4 j 1-7.4 (jUhUJI Jjlkj 'AjjIj-^ J. aaj Vj il« jkiJl jjc. jjUI 

5>,. (*,,,- +4 J )+Ze+Z w/ no„ fl ow =0 (5-7.4) 
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2>,.(E P , +E K .)-Y j m J (E PJ + E K j)+Q +W nonflow =0 (6-7.4) 

c'ijJjS jT jaJI J (Ja.jjl jJJ AsU&J! jl k» ■ all Clljjij jl tljJjS (jajlol! J-aaJI (jl£ lil 

(Jj- aa j»je LiA (j^ajjjj .2 — 7.4j 1 — 7.4 (jjj]jl*-a]l (j-o l*JJ (jjluVl (jjj]jl*-ajl ^l^pJluil (j^-aJ 

(7-7.4) 

+4,, +—)-l d rh J (E PJ +E KJ +^) + Se +Z^no„ fl ow =0 

(8-7.4) 

+ -^-H( e p, +e k, +—)+Q +w nonRow =o 

i Pi j Pj 

AiUaJI 10.4 Jlid 

OJA Mj- 0 L>*J <_S^] '^J^"'"^ fLall 4lUa 4-jjl "JJS^H '"'I (J jaj :4JLula 

(Jajj ^^lill dAjlxjjVI (jl jA (J'J^H l?'^ <_s"^ 4j«jLjJI CllUaa-allj 4jjtLa i "'I La all 

i "'I laa aI3 (j^-aJ -IjJJ^ (JSI (jj^ (tlti^JJ-^l .\!"A£I j Cjj^)^]! 'lun'sl ^jjlj) ^ '— aaJI jl U Afl 

(jl (j^-aJ l$jl jA '"'I ^ alt ojA I ■ lllj - Ja.1 (jl JJC. p\ 

(j^i ^j^)aJI . 1 .Om/s AjjLoj^S AiUa 4 jaa a __>JC JjSJJJ l^>g-j (jl (_>^Jjal 

^)JC- c-Lall (_^-^ 1^ 'W^J^ Olll^S (jJi 4jC^)ua j'^i-i. ij j SJJaJ ^jJt ^"'°'„' c<Jaa_all 

U-lJ jJ (j£^J (jjll AlLkll jlaLa jA La3 4 9 HI (J jLuJ (_>ul J li (jl£ j t 2.8 m 3 /S Jia-aJ <laa_a]l 
jj * a a (Jj3 Aclijjl jl (JjLuiB AjljaLoJI Ailjoixill ' L^a j] (JJllj ^ilaj-a-a]l (Ja»*1mj| ?Lj^)laj 

jjjijxi .<ijIjj^£1I Sj^ll J AclkkuYI (> 190 kW VI Jjj V ^UJI o^a 

.oAil jj (ji-aj (CjJI t ^Jk&Vl jl (JloVI AiUall Jjlo ^1 l$Tjaj ^1 Ajkill AiLkll AjjoOJ ^ ka J 

V ^1 M l^VI 
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.Al<J! 100 ijj^i 04 <J=Li_<J1 




Jjalj J^x-oj 1.0 m/s <£■ JjoU AlUall „ jjilo p Lal| JaA; 

)-!■•» « 15.4 (J^joJI (JJJJJ .0JJ=>JI <J^"^ <L« jlalall (j-o s-LJI . 2. 8 m. 3 /s (_g jL-^J 

2 j jjj^i Jl 2iLja! if Lall 4j£j^JI j 4_Lol£11 jJjSUall ClI jjiaj LlJ^j UaJ jJ jLsJ 



:^ jLuy JiJI 5JjS1I ja-Si J'-ix^ 



m x = 2.8 



m 



100 



cm 



m ; 



g 



1 

V cm"; 



1kg 
lOOOg 



= 2800 



kg 



'■lA 5-7.4 Jjlij tAJL^JI oaj SjJ jll CiL^al Jia^l Jc ilijj 

m, (£, fl + E K1 ) - m 2 (E p2 + E K2 ) + JX onflow = 0 



:ii.lSH AiUJ! Ji3B ^jLuuj 



E PA- E P,2 = g(\-h 2 ) = 



9.81 



m 

7; 



(9.0m-0) = 88.3 



m 
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J K,1 



'K,2 



1,2 2, 1 

— (v, -v,) = — 
2 1 2 2 



1.0— 



-0 



0.5 



m 



; (_^3JLLaJI JJC. <_i«*JI (_£jLuij lilj « 77^ = u!^ ' * ^)°'' ' " " ^Jla. 4-a jJiLall (jl Jl 



w 



nonflow 



m 



h, ((E pi - E Pi2 ) + (E K>1 - Ej^)) 
kg 



m 2 m 
2800 ^188.3 +0.5 

s \ s 2 s 2 I 



-248 kW 



iaja all Aalj ^--^ !iLa£ Cjjb <La JaLall (jj£j tAjlLaj (jja.iLall JJC. (Jxxll <Lajii (jl Jl I jJij j 
4 La all AaJlii La (jl£ lj| .4iUa \;lj"'l 

:Uj jjj- jl£ iAiUJI t> 190 kW 

190 kW, ^ nrn 

■n = (100) = 76% 

248 kW 

Jl ' °1 i aJ .(jji-uull jl (iH£ja.YI jc »a.U3l Jaill J <Uaa_all JjJj^i (jlaliajl <_jLlJ .la.1 (j-a^j 

XaJ*J J]| AiLkll Cllka-a > L t4jjULaIL <j| JJC. kla all Jl ^ ka all 4aUall jljLaJ JLi] 
Ijl-lLa J£& jl cjal J j^J-aJ 'b j3 j (Cja^aJI ~^all Jot'iiii'i (Jill lillj Ig-La j I jlaJI AiUa Jo 

• Jj J * ^*JI (jj^ i uJ (jja. AisUall (j^ I JJJ^ 

t 

(j-a *Lj$£JI (j-a 190 kWgjjjj J (J 76 4 laa all -ijJ>a (jl ^Je Aj^laJI 

A£ Ja-J S jSII Jlaj j]| 4ial£ll ASUall jjS j> *3Lkll fiau. jLj .AaAlall 248 kW — Jl 

.<jjLajj^£ll Ailiall '"'I iaa a alax a J 4 i im Jl 

(Bernoulli) J <bl*-aj 4-7.4 Ailkll Jaliail aJjUJ AjLiliill Aiu^W jjliil 

1^)3 (JSJjj A-a jJaia t 'a.^i jl (Jaatluii jJlj '(b9 — 1 1.6 aJjIxaII) 6 J' aill J oJjl jll Ajtlu j^ll 
•■4K"i^l JjjlLaj \4 a ■ *-~ " jl jja-a (J-atJ (j3iLa JJC. (_iat 1^j3 (Jj-aa_Jj (JjLui 

(9-7.4) 



m(£ P i -E P j ) + m{E K i -E KJ ) + 



/7! 
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.(jjSJla JJC.) <Ul (Jafr j Uajla !M-aC. (jlL^aJ Lag-lKj .4j£jaJI j Uti Clljlij 

SJjla-all slaljl J j-laJI ^^i. jj ' ■ IJkJ 4j| V] 'IjJJ^ ^"'(S ^ '"*'■" (jiiljl*-<JI L)S^ iJ* l^-'^ ' a 
S.Ajlila]! Jc. »j' ajLa AjlLijaII J_jj jj "Ujla-oa . (J^JI jjii J Jill 4JLuuiil Lafria 4_ajiLall 
JjSJjjj aJla Ac jjoi J'"*-*'" j i.la.1 j (JjUji ^^/^ J -^lj (J^^-" (J^ J jll <ULaJI ojiiuiall 

jjjiilkll jjj La J Jjjajllj VI fJ£J V l$jl JJ L_sLjaJ U ; | ^'M j jjc. Jjlui I^jS 

Jja. jli t4jjl jaJI <La Jaiall AiUa jjij .-sK-USfl jl *-a j .iaSa AjjI jaJI j Sj^Kj-.tl 
J AiAj V J _JJJJ "UjIjl^i jl (jja. J j .Aljliall (jjljli LuijJ j Ig-iS jjjal£la LuUJ ojl jaJI j 
V Jj]| ojiku-all 4^i Jaiall J iAalkll Jaliajl aIAjuh jU JJalLall jui jU^naJI 

Sj jaJI aJjj ^1 jj! 2^?. ^IUj t(7-7.4 ALU-all) 4jk.lJ J ol jiij J.^' 

AjfLijlSliall jiiiiUall J till jjili (J j' aa (jja^ AiUall lal °^ jl "Ujla-o (J «!■»" 1 nl fi"' 1 J 

dil JJ«J 4^ij jj^j I aila 4juji j-a]l J _aijJ <UjI*-« (Ja»* ml j 4<Lo jJaiall J 4jjI jaJI j 
(j^i jl£ daii j<<\\<<* AiUa jjja. Jc. (jjLJI JUall «■! jia.1 Ajl Ja^V .iaS Aj^jjl^Lall 

.4 uiflj l_ll j^JI Jc (J j - aa 11 "ULiball (ill: (JaJ J^ajjj <tal*-o Jl xaluil (j^xill 

jtjljjj CiMcUlttll Ol jj jjj Jajljjll Ljjii jj ojIc.1 cS^JJ 
Jajl jjJI Jjoiil AiUall Jl <-aJ tdjSLfiliill ^3 .<jk.ljJI 4-ojJalall Aslia ^4 Cjljjij Jl 

i__ijxjj . > " ll jlilall l^-Lo jjjSi sAjAi. Jajl jj jJj^J «-^l AiUa jj^" j 1 1 " <M cl 3j all J SJji. j^JI 
,Va"i,„ j .JtUoll ojljij CiMclilall j dlLa. jjlall AjjIjjjVIj AjjI^VI AiUall (jlLa- (JH t3j^ 
ClIjjVI 1 '•'< »*j I^jL (JjljJa (jiiUj ijclaiill »jlj^- Jj Sjj-ali-o Aj]L<t?.l ojiij 
t Aalc.lil!l <La jialtSl ^ ji!l ^ jljiJl jj'* « ti jjxj uLua ^ ^laLail I jA ^ ^JJ^ 3 
.«jIS3| aSUsJI JaliaJI 4JjU-4 ^ jkUl dJj *j! JUtlu.1 ^Iajj 

Jfrltill S J 1.8.4 

jjij ja 4 AH r JcUiU c5jlj=JI ^ jj^-xJI jl t(heat of reaction) Jeliilt Sjlj^ 

(jJJjlj JaxjJaj ojl ja. ^J>JJ Aic (Jclij]l l^iS (J' aaj 3 ISj ■ u a ojjjjjj J ^Sjl J=JI (jj j"'^ all 
gjl _jill (jJj^J J l-a^- 4 ^ ' "*' J^ Jclioll (JIaxiV lla j i'<M<--U*^W l^jfl (JclaSij < " 
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j-ajj o jxa ^jll ^(standard heat of reaction) AH° r AjjLulaII JeliUI S J j^j -S.ii.iaJ 

Jc-laill ojl j^. j AH (Jclajll Sjlja. ( _ r L*j j .SjIc. 1 atm j 25°C L«A tQi'm n 

. J j-a (jjiLuil ( _ s it oJllc AH° AjjUx-oJI 

gjl jjl] (_£jl^pj (_g jpa all (jjj (_5jsll A// r (_£jljaJI "LajJaiaJI t_$ji^ t JJxj (_£ jL^J >gjl jiB 

• i "iM r.U' A\ j 

Aff,=5>,tf,)-5> r ff r ) d-8.4) 



CjV ^ ; (j^) ^j^I jl (Jtlijll 4£jULall CiV j^ll jjc. jA n jl tly. 

Jl p (JjUl J^AiJ •(J"' 1 T > ^ ts^J^ LSJ^J^ LS jT'** H j t(*LajiVi.nll J oJlj^.j^ll 

jU '^j-o (JjjLuJ < _ s ic ' ■ i&J ^jjUai^II CIaMcUjII jl Jj Ijlajj . jclila Jl r JjUI j t^jlj 
(JjAjJ Jc (^C. jjll (_gjl jaJI (_£ all ClI jjxla Jc (_£ AjjVI OV^la-ail j 1 — 8.4 "UjLu-aJI 

i ■ lllajj a j 11 o^jjjjlj jl Sjl^pJ] A . ^iLa Igjl Jc AjjIaaj^II ClLilc-lidll ' iii.Vi (j^ajj 

lilt (j-a cj^AcliiaJI Jajl jj <aUa (endothermic) S J jail <luaUil SjjjjjJI 
jjsjj t (exothermic) S J jail j*£UJl Jc-Uoll *Ld j .g3l jill .ksl jj jja> Sjj^iaJI 

CJjJJuill (jj ^1 i-»Ni-.la J i^H Jajljj j.Xl S^aj^UI ■ 41". ^ gj| ^j]| i^jj jj jj£j cljjl AiiUa 

A ajUl j^i (Jeliiill ojl j^. (jj^jj 4<aUa Sjl (j-aLaJI (Jtlilll ■ Aja.lj 

.<Lajl«_a g-^l_ajllj 1 " '*M d 3j all _jl jial (j_j^J (jl ' ; tAjjUx-aJI (Jtlidll S J^)^ ' . '1 ' (lW^ J 
(j jl jlaJI Jclilll ^ jlail . C J S JjiJl J ' g J jt*^ J ' 5 J ' ^11 J ' / ) (JjUaB 

:JjLJI jjUI (.jj 

aA(/)+feB(0^pP(0 + «Q(0 (2-8.4) 

(Jclij Jla .JcUjII JUal jJk a,b,p,q J '(jl-^jlj Qj P J '(jMclila B j A (jj liwa. 
^jic. ^!lia!iU 3 (Jj-aill ^?-lj) (j jl (Jclajll 2Jjlx^i t_j£j-aJI jxj (3f"JJ jA i_jSj^1I 

(JclijJ B(j-aV_a-a|7 jA(j-aVj^<5[(jl (jiaj&sl .((Jtlijll JUal j dil&lsjll ILaC JpSt AjjisLla 
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2-8.4 jj i^l J&UaL ^-^S jj^l 
AH r (l) = ^(n p H p )-^(n r H r ) = pH P +qH Q -aH A -bH B (3-8.4) 

P r 

AAljJaJj . a (Jtlijll Jia ^^Jc La jjjiLa AH r (Z) jl^lall A (j-a Jj^ll (J&liij sjlja. <_£jLiijj 

.gjlj jl (JcliLo jj-a (J j^JI (Jcliij ojl ja. i— iL aa j^aJ 3 » J ua a 

-8.4 ,J jill j i^cUlall Jj£j <]U. (^Jc Jtlioil Sjl jaJ AjJAxJI 4 ajflll .Lajxj j 

jjJall ^ Q (JcliiLal! (jlS lil .JjLuJI Jjiall ^ a.Sja.j^ jcjljillj tlLilc-liiaJI £Aaa. 4 2 

aA(l)+bB(l)^pP(l)+qQ(g) (4-8.4) 

.(jjJjLuila JJC. 2 _ 8.4j 4— 8.4 (jilLlx-all ^jljaJI ^gjKall IjJJU (jlS 
Jlial AjjlLx-a JA^J tl^l .4 -ftjlA'i^tl ^mULg Aajxjj tA-ut-ujjj Ajj^Ia (^jjlj^l] (_£ja^a]l 

^ jLoi j . AH r (l) — j 2-8.4 2JjIx-JI ^ jJ jSI Jclilll Sjja. t^iaaj . JcAioll Sjja. JaUSlI 

r^VI Jclijll ijclij Sjl ja. 

4aA(/ ) + 4Z?B(/ ) -> 4pP(Z ) + 4qQ(l ) (5 - 8.4) 

jjc. jV tt_ijii^a jjc. liAj AAH r (l)J\ c2-8.4 aJjUJI ^ jj jll Jclsull JliJ a*jJ 

.Cllj-a £jj J-lLaJ j|jjl JcUull A£jUlall ClV jJI 

Sjja. ljLua tjjljja.Vlj cyj^l »Jj*^ ls J*VI (Hess) o - * Jl a xlmL 

(jS-al li) t^jxA (jjjUl lis j . (jajjlaaua JdLuaj *^>J J 4aIclioJ) ^Jail) JJJ^ JclaaJI 

(_5jUx-a]l jaJI (_J j"'^ all (jli ja.1 CxMclij] <_£Jfa. ' ; u£ JP (JLaxioAj ^li-^Vl (Jc-liiill 

JjaA UJ^^ ji J )»3j •lSJ^^^ I'^rM'W Ajij\j2>}\ 1 liLjjqa aU (_e j;-^ SI t_u£jjll (£ jLuij (Jc-lilll 
(_Jjl^aJI (_5 jpa all JJ«J L-lL aa .^JLa. x^jtj jA ^^i- iJj\j^A\ (_g jpa all (jV <a-ja-i^a AijJa 
(j^i (jj^J ^5 ' I agjlS Ait jl La ia« ■ a jl ojl^a. Ait <jlcliij <La jJala _)JC ( _ ? £ _jjll 

jjc. sjlja. <a.J^ <jlcliij 1 alaj 3.8.4 xJaLall j^Ixjj i^jjJjLut-a laa ■ '— j ojlji. ait 
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jljl^Vlj 5 J 2.8.4 

jjij ^ La (standard heat of formation AH° f ) AjjUlJI <jjj£iil » Jj*- 

iaiiiaj ojlji. <^.J^ -lie L_l£j-a]l (j» AaJj (J_J^ (jiJ^i (jj-^ -4 ^ CS^- 1 ^ (-Sj'^)^ L$ J ] ~^ 

aJ^L .Jj^U A/7° .aJ 2j*jUI j.^iliirll ^ (ijlc. 1 atm j 25°C) (jjjjt*.^ 

.(N (j^i V^J N 2 (_S') AjIc. (jjSj Lol lis j J l A 'in II JrtiMml CL_&ja] (JJjSj (Jtlij 

C(s)j N 2 (g) j OjCg)^ AjjLwjill tiLjlcliill Aju\JA\ k^j^'mW CiU'jiJI 

AjtjjfLlI IajjC-j j . r^l 'it II oi^J AjjLix-all (jjjSill ojIj^l (_£jLuijj . H 2 (g) J 

AlA^ Uaj CO(NH 2 ) 2 aJjJI JjS jA 2Jl«Vl 
C(s) + 2H 2 (g) + |o 2 (g) + N 2 (g)^CO(NH 2 ) 2 (s) (6-8.4) 

(jjj (jjj^ AjjLx-all (jjjSill Sjl^a. (_JjLuiJ c 1 — 8.4 "UjLlaII AjtiLall AAi^lall (JLaxiuiL) 

AjCjjll ^JjaJI ClLjjia-allj CO(NH 2 ) 2 gjUll ^ (^JjaJ lS 

AjL^i <_£ jLuJ Jj^aLutll lillil 4jjL*-a]l jJjSiSI (J JJC- . (C,H 2 ,0 2 , N 2 ) Cilelilal] 

jAj .7. E jaUl ^ cjjjSill JtliSl p (>J 'CO(NH 2 ) 2 _l j 

(JL\J Ai.1 (jjfLj (jl (_>iaji) liA (jl j»C._)J <5_jJI (j-a .1^.1 j J j-o (jj£j (JjjLoiI ^^Jc L-JjjSx (Jtlijll 
^jt'^jA (Jclijll CllLi£j-a] AjjLia-all (jjjSlllI Zj\j^. qa 4jjL«-a]l (Jc.lid]l ojl^a. ' ■ !...■>.* j 

ah ; = X (a, ah; >p ) - X K ah; >r ) (7-8.4) 



Sjl^ja. A//; j cClA^lc-liiall Jlaj r j '£cjI jiil (Ji«J J C(Jc.lid]l (jLa jA O (jl 1*1^ 

(JS1 5jjLu«_<JI (jjj£j]| ojl^)^. 1; laJj lZJJJ' '"^ Cy 'AiJ^JaJI oi* ^Lul (jja. .AjjIjxa]I (jjjSill 

.^tjljj (Jc-lila 
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aA(0+fcB(Z)->pP(0+gQ(0 (8-8.4) 
.Jtlidll Jllal ^ a,b,p,q j tj^^ U Qj P j cj^lilJI U B j A j] tiya. 

AH;=X(a,AH;, p )-X(a r A^;, r ) 

= pAH° p +qAH° Q - aAH° A -b AH° b (9-8.4) 

Felder RM and ) sy,i^ ; <\i <^o%JI oLSjJI ^ ajjIixJI (jjj&ll 

Rousseau RW, Elementary Principles of Chemical Processes, 2000; Perry 
.(RH and Green D, Perry's Chemical Engineers' Handbook, 6 th ed., 1984. 



^ i_u£ jjJI Jelii 11.4 Jli»2l 

f lj, v.4.\l (UtjUill £J>JI j^jll ~ S^aJLall 4jjJ^JI AiLkll Jljl jx> o j3j (_jj*J :<Utuu» 

: ( _ S J j' ia]| AjjLut-all (Jclij]l ojl^i. L-lui^J . (jjauoiSlj jj£ _jlc- <J) «Lall j (jjJj^ll ~n m^l 

6 C0 2 (#) + 6 H 2 0(/) -> C 6 H 12 0 6 (s) + 6 0 2 (g) 

CliMcliLal] 4jjLi*_a]l (jjjSill dljl^i. (JLutiuAj AjjLixaII (Jclij]l ojl^i. i _imaj iJ^JI 

Atf; = X(c,A/f;,)-£(a r Atf;, r ) 



p 

= IH 



f .C 6 H 12 0 6 + ,0 2 



~6Hf COi -6H°^ 0 



AH°=l 



-1274 



v 



kJ 
mol 



+ 6(0) -6 



-394 



mol 



-6 



-286 



mol 



= 2810 



kJ 
mol 
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AiiUa Jl 4^l*> -Loj 4jY Ljiiuia jjjyl I^Aj ta jl 11 4 >-aLa J ji hl\ ■ ■ Ij^JpIl AjLaC. (jjSj Ijl] 

.^j^l i-uSjjJI o-'-M c^J^ »Jj* ; 4.4 JjJaJI 



(kJ/mol) A//} 




-394 


co 2 (g)ajijsa au^l^ 


-286 


H 2 0(/) »ui 


-1274 


C 6 H 12 0 6 (s) jjSjliJ 


0 


0 2 (s)u^VI 



jjij ^ (standard heat of combustion 4jjL«-»JI JIjj^VI *Jj* uj 

J (j^ajaij .(sjIc. 1 atm j 25°C ) (jjjx^j-a >>i j Sjl He. ^jI jill j CxMcliiail 

'C0 2 (g) Jj^i C^ 1 ^ 1 UJfJ^ J ^JjWI jlj^VI SjjaJ ^1 

.(jjjjSlI Lllfc tilj^VI aJxc J a£jLUI cAjSjJI ^j^ij -S0 2 (g)Jj Jj=4j 

gjl J 0 2 (g) 1 AjjUx-<JI (jljoa-VI CjIjI .(jlji^VI oj'j^J ^ ^ ' " » ' 

jji^ ^ S0 2 (g)j N 2 (g)j H 2 0(/)j C0 2 (g)^>Vl 
:C 8 H 10 O 2 N 4 CtfSfiSlI c3l J^ 1 ^ 

C 8 H 10 O 2 N 4 (5) + yO 2 (g)^8CO 2 (g) + 5H 2 O(/) + 2N 2 (g) (10-8.4) 
djljl^a. .((jjjal^llj (JtlilxJI j (jjj^jjjjll j s-LJI j jj^j^ll ii i n^l ^Ij) gjl ( _ ? c- 

.I^jjj^a (_5jLjjJ (jj^jjllill jttj (JjLuJI «.La]lj ll i j£I iffj^J 'SjJ^J*- 4 ^ (jljP^H 

c9.jr ti^UI J ^ cjlj^VI (Jeliol (>j c^lj C 8 H 10 O 2 N 4 Jj^ M c °j 

I jJiU jljSa.VI JeUs o_Ai Ai^; a^S ji Ijikij .-4247kJ/mol^jU^ 

(Jc-liij (jjjal^ll (jxi (Jj^ 1 ^_ ' j ' Jt (_! jj^o (Jclijll (jl I^^V .'ijl j^i] 
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AH° AjjUx^II (Jclsal! ojl^i. L-lLuiaJ SjjLix-oll Jjl jia.VI ajl^)^. Jl aatAuil (j^Aij 

AH; = ^ (c r A/f c 0 r ) - 2 (a, Atf : p ) (1 1 - 8.4) 

gjl jiJL 4j-aL=JI (_5jlj^JI (jJ\-\ *H ^ ^J^> '(jljS^VI Sjlja. (j-o (Jcliill sj'j^- L-lLuia. (jjla. 
tlua. cjjj^lll dljlji. (j^i (Jclilll ojlj^. l_iUji^ (jc i '"l"'^; I^Aj . ClL>lc.lil«ll ^^jll liilj jj-o 
.gjl jillj Aj-aliJI lillj (j^i dl^lclalaJI J Aj^alaJI (_£jl_)^JI (_J jpa all ^ji ^^jJaj 

Lide DR, Ci?C ) ajjL-jSII 4^.%ll ij jA jiSl 4jjL*^1I <jl ji^VI 

Handbook of chemistry and Physics, 2002; Felder RM and Rousseau RW, 
Elementary Principles of Chemical Processes,2000; Perry RH and Green D, 
Perry's Chemical Engineers' Handbook, 6 th ed., 1984; Doran PM, 

■ (Bioprocess Engineering Principles, 1995. 

Ljja (jUMjHll £-Lua 12.4 JliaJI 

is ±±aj\ j'-^-^ll (Jjj^J ji^'j .AjiLaVl (j^aLa^.VI C(J£ (jail j I '— » J All jjl (jLuiJ^I j» "i~> ^ 

^-u^jj^l ojj^ JaUll ^jjVLi (glycine) uJ-ylc- t^J-Vl o^ 3 - 4 ^ 1 t^J (serine) olw^ 
C 3 H 7 0 3 N ojjj^I Jj=Aj .(serene hydroxymethyl-transferase) JA^ 

:^VI ciaj CH 2 0 A^jJLa C 2 H 5 0 2 N 

C 3 H 7 0 3 N(c) -> C 2 H 5 0 2 N(c) + CH 2 0(g) 

4jjL«_all (Jcliill ojl^i. . (Jcliill IjlA Ajjjlill AJLb alb Qluulallj (jjjiuJI 

all Jclilll 

AH; = XKA^;, r )-X(a p A^; p ) 
AH° r =AH° c ^ Q ^ -ah; AH502N -a#; CH20 
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■ <|JJaJI J® l£ j J*>*^ J' JJ^U AjjLjlaJI til J jaJI :5.4 JjJaJI 



AH,°(kJ/mol) 




-1448 


C 3 H 7 0 3 N(c) oij^l 


-973 


C 2 H 5 0 2 N(c) (jAuylc 


-571 


CH 2 0(g) 4^JJ* 



= -1448 



kJ 
mol 



f kT ^ f 

-973— 
mol 



■571 



kJ 
mol 



96 



kJ 
mol 



L-aLa Jc-laill (jjfLi i^ia. j-a IfrLajS ji I jlajj .96 kj/mol AjjLut^ll (Jclijll ojl ji. (_£ jLui 

(adenosine triphosphate ATP) uu^VI Cili^ja JS^ Jjj^ »J A^aUJI 
AiLL jAj-o-o Jj J (adenosine diphosphate ADP) cALui ja jIj ^-aJ 

■ .(3.8.4^1^11 jl>3l) 

A^jJ .Ajc (Jcliiill cjtlidll (Jlj-al ^a AjjjiliLa jjjlLaJ Sj3 jj-a l "'"^ d aiLttll (jjSj LaAie. j 

ojl^p. ^ ^it j i cAjlgjll ( _ s ii. (Jcliiill (Ji-aa-lj c('ojlc 1 atm j 25°C ) (jJJjLix-a Jaau^aj ojl ja. 

•Si u a]U 4^ jialall __>jc A// (Jclilll 



a// = a#: 



rA£T 



(12-8.4) 



(Jc-liiill (jLa G s j c4jl.lJI J 4-a jiaiall ^.^ijj (_^ill S [J^iaJI ClV j^i JAC jA H ? (jj 

dlV^a-a dlli <La jlaia j^ij La j .AjjLut^ll (Jcliiill ojl^i. ^A AH° j tS (jjiiill 

: AH r JeliUI Sjlja. Jjju> il^ji. j l$lk:i 
AH r =AH o r =^-AH 0 r (13-8.4) 

N 

A// r 1 (jiijjiii^ *ll (jjlajill (jj .<La jiaiall (jnWll Jj^ll (j}3.iill (J^Jt-a jA H s (jj I'm 

* . .. ' 

^aaJ CIijIj jA i? (Jcliiill (Jix-a (jl ' ■ 'I uia I] jtla-all (jjiiaJI (jc. (jtjfiluia AH r J 
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i_L^a2j j .(8.3 A-laiLttll J^l) Ajltlaill <La jlalail ,j Cllj£j^]l j (jjiUa.Vl 
2^aj]ilaj 13-8. 4j 12-8.4 (jUblxJI CuuJa'j Jg >.ijl Aij-all oi$J AH r J AH r — 1 

i 111 _«]l J - aaj CxMc-lij o^C. dlljl ^Jaj Je. 1 .ag ajaiM (j^oJ 4jl VI i^lj (Jelij IgjS J' aaj 

(jiuylc. Jl LJ£ (jjjjjJI (j-o Ci"£ja 10 (Jj>=>j 4-JLs. J jiiil j 12.4 JIaaII £aJj 

:(> AH r JcliSlI s J ja. t .unVi . 1 atm j 25°C ^A^j^ j 

' kJ ^ 



Au n. 10 mol 



-1 



96- 



V 



mol 



960 kJ (14-8.4) 



V jl ijjjJjUx^i LaA^ilS jl l(j \xt >>i jl Lpjlja. <a.J^ (jj^ *^ CJ^' (J-aaJ La J 

Jl Ljj3 (Jc-liiill J' <3J V jl cjcliill (JUal £-a 4 j i J V' a ' l£ld alall (j^i JJ^lLa Jc (_£ jlaJj 

.3.8.4 £-IaLajl ^ _«J^a j-a tAjlgjll 

AjjUlaII jjc. l± jjal\ Jfrliiil S J ja. (_jLua 3.8.4 

Jj t(l atm j 25°C ^jc ^l) 4jjL«-a (>uJa sir. ajjj^JI d£L.Ual1 J.^Vi V 

tLajxC. j .((jLuij^l ojlja. 4a. J-}) L^ia t_!jalLj jl 37°CojljaJI <a.J.3 Ait t—llc-VI J (Jl.-iVi 
25°C ^JC- (_£jljaJI ,_£jia-a]l Oljjij Jc. (jljla-VI J (jjjSllI Clljlja. (Jjl.la. (_£jiaj 

«jl ja. <a.j^ ^ic. ajjjiu J AH T (Jtlaill Sjl ja. t_iLuia. <Ja.l t . la-j till . 1 atm j 

<jal i ial dlljl > aa s-l^^l (jjjjlj*-a JJC. iaa i '—j 

CjI jjai. £-l«a. J Cjl jjijll ^ j"-^ a (_£ jLuiJ <La jiala] ^^C^jjll (_gjl_)aJI (_g j"'^ all JJ*J (jl j£i 

I^jjJaljlaVI jL^ail 

AH=^AH k (15-8.4) 



jLui-all (JjJa Jc- S jjaa JS (jj^J (jl ' . 'T - J . ^ i^il jjsVI jLai-a]l ^ S^aJaa II jA & (jl i Lua 

La (JJj .jjJall jl ojl^)aJI <a.jJ jl la« ■ '—^ I jjij jl iAjjUx^i t—Sj^la >'«"- LuLvaj£ ilcliij 
jl Aj3Jj c5jjLi*-a jjc. ojl^a. dlLa.jJ Jut AjjLj ajS CiMclij Ljj3 (Jj-aaj ( _ s j1I aiajll (j-aaj 

Clll JJ*J (jj^ 'AJLa. ^jIj jA (_Jjl^)aJI (_Jjla-a]l (jl Jl l^jlij j AjjlxajS (jjiLia.1 o^C. 

.5JjLala (Jxjll j ^jjJal jjaVI (jJjLuiall JJC (J^l (_Jjl jaJI (_J jia_aJI 
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B j A 



a A+b B 
T °C 
AH 



A H r <T) 



B j A j jj 



^1 jL^J 



AH 2 = AH° 
a A+b B 

Jjc (Jtla: 

r oc 



p P + q Q 

r oc 

t 

AH, 



.pP + q Q 



B j A (»^=jU j Q j P j jj 



B j A ^-Jajlij Qj P 



4jjLyw t—ijjia 

^ ^j^aljjal jLwwi 

.5jjLut-a jjc. Sjljji. 4-s.jj jjc- Jclajil jjjaljfial jLax :16.4 (J£*ill 
:Qj P oj^itijl jjjSil B j A (jjj^jxll jjj <Jc.Uj]| ji.1 'a j-a jJajl 
aA(Z)+fcB(0->/>P(0 + ?Q(/) (16-8.4) 

ajl ja. t— iLma. j^aJ .AjjLix-a JJC- T La 'ajl ja. 4j*.jj (Jj-aaJ (Jclijll IjA jl jVI (J^ajJSl 

jjia jA La Jjij Jclijl] ^s ^Ja\Jsk y i\ J>«n\\ JLsajjJj T 4j>J-^I .lit AH, (7") (Jcliljl 

qa c£kc\&A Jijij J j-^.n J ^^IjiaVI jLowJI JjVl » jlaai .16.4 JLill 
L_iLuia. jl*j 1 25°C Jtlilll Jjj-^ ^ A^iai s jLiJIj . 25°C T°C'i+j^\ 

Jjl j!±a.VI ajl ji. jl <L)jljx,a]l jjj£j]l ajl ja. CjULu j« A// f 4jjLlx,a]l (Jclijll a jl J^ 
JJ*J ' . bma-jj . T C ^jJi 25 C j-a j''- ' "*' jl ■ liLsb. jlLaJI J JJJ I "CjjLjjI a jJaa II ,j j . <Lj jLut_a]l 
jLuiaII «■! j^l (j-" "SU^J*- 4 ^ T^ajljiJI Aj^jj ajc ejLall j« jJ*-a jlaLa] (_£jljaJI ^jJ^aJI 

:^ljiWI 

AH r (T) = AH ] +AH 2 + AH 3 (17-8.4) 



*Jj*- <J?' ' AH° iS jL^J A// 2 j i 4^ jj^a ajl ja. ^ jl J«J LaA AH3 j A/^ jj 
^1 JjjIjLllj OHijI J^JI jJJ*-uJI JLa*iJ_) AJ/ 3 j AH \ Lbaja (_UjoJj .25°C ^ (JcUjjI 
(_$ j*^ J jjij JaxJ <LIjJI OV-jU^K ClV-llx-a 2_,t& j£ajj .2.5.4 ^laLJI ULuiali 

. jjjjlj»-a jjc. Laj ■ '— jl ajlja. 4-?-J^ jjc J 1 aa J (JeliCS ^ 1 ^-il jjal jLuba s-Lij] 1 

jjc. L_ajla Jlaijl jA a^lc t AH j (_al c^jVI a jlaaJI ^ (_5jljaJI (_j jli-all jjxj jj^Jj 

3 atlTl j-a !>l!La k» . JJXj) AjjUx-all AlaJS 3 ■ ajjLttll AlaJS j-a ii.1 j (_J jLa-a 
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jjlLj cjclaoll (JjS tij^Vl <_sjl jaJI Lgj^fW cj| jjijj A/f j t_ji-uia. (j#=>.j .(latmj) 

(j^ajl j3 ^^ic j gjl jill ( _ s ic I— iL aa St t_^laJ (Jtlidll laia tlLilcliiiajl ( _ s it t-lL aa II 

ia.V J .5-JjLlx-ajl JJC- l_j Jjiall AjjL»-a]l 1—4 JJ^I tliilc.li[iajl o^lc-j (jja. tlL>Lc.lila]l 

:4jjl^)aJI t " ll t . nil JLaxiajl I -La.J ' ^ 1 ■ aa II ^ Sjl^)aJI tllljjij 

^ =l(™J^,(n^) ( 18 - 8 - 4 ) 



AH = y Z(^j T T 2 C P , s (T)dT ) j (19-8.4) 



Sjj jaJl AaJI C (T) j cs oVj-o j^c. ja n s j s t>^JI aJj£ ^ m s Jj. ^ 

clAAjc ojjjjjoJI l^ij ^^iJI ojljaJ 4_i.jJ ZJ j iojl jaJI <a.J^l AajIj (jj^J (j! (j^-aJ ts^' 

J£3 <jj Jin's all ojl jaJ till jjij t UnVij .ojjjjjoJI lAJUC (jP^ Sjl jaJI Aa.jJ <_jA 7^ J 

. tllljjijll lillj j to jl jaJI <a.J^l ^ jjij Jl £j^aaj (_>aia. 

till jlij a-jS3 ijr^i i4JjLix«all Sjl^jaJI (jc (J^^S Sjlji 4\a.jJl 1 — jl-lia] UtJJ j 

4 i a ij^ II 1 llUbiiaJ ^2 j . (Jcliill ojl_)a. jl.Vla; AjjlLa 4lag a jl e j;. 1 ^ UJ^ (j' ** ■ "j" |J> all ojl_)aJI 

(j^ SjIc (aIjLJI 3JlalittSI A// 3 j AH l j.n all ojl jaJ dil 

XiC (Jc-lijll J-^J 1 alia j .<JLu: (_J ^)a.Vlj <Ja.jxi LafrLa S-iaJj (jjSj j tig ■ n4 "l jj£1I AjJJ-o 
ajljaj Sjlfc 'ijjij-a 2 , „j.n^ A\ ojl^jaJI tllljjij (jj^ ' ^ MJ^lj j 37°C ^-a.J-^1 

' " ua tAjjj^. A jjl j aj£ tllLaJ_pl a i laJJ ^1 tl^l&II <4tt (j^i ^ JJJ ■ aJ <il JJC- 
ba j]l (Jtlij]l AJLa. j .1 ^ maj (Jtlij]l Sjl^ja. ^-fj^J-a (j-a Ult Ajjj jua all ojl^)aJI tllljlij 

^3 ojjau-a tllljjjju t^^?^ J J^*" f^ 1 " ' , e^JJJt ■ a S^lc (J^^M ojl_)a. (jj^ 'f^3^V^ 

.(12.4 (JtiaJI jli3|) Ajlj>il s^l JSB 

(Jj-aaj laa i iall ^jc 4 ISj i a a *U,VW all j 4 ■ ^-a-^ j all Ja j» ■ iail lie (Jtlij]l ojl^ja. (jj^ 

1^1 -(1 atm ) <ia i^Jjallj ji _jaJI k» i ^jc AjjjaJI 4 uiAj^ j| tllllulaj - ^ tlL^cliall 

.iaijJall Clljjij] 4a^| Jial tllljLa-a uM liA ^4 LijJ V 

OLuuVI a^a. o-SJJ 13.4 JUtS 

j»joia. ^fl (jljia.VI <^l) (JuiUll alii (C 6 H 12 0 6 ) jjajlill (Jclij Sjlja. Uual :4jLuu> 
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C 6 H 12 0 6 (5 ) + 6 0 2 (g ) -> 6 C0 2 (g ) + 6 H 2 0(/ ) 

JcLiill J j tJcAsjll Sj2_£« jJauoiSVl 

• 6.4 (J (_s^ J^-J* Ai-all till j AjjI^^JI AjujJI jajj J ^"'^ j . aJ 



.^ailSll 4ijLuL»JI CjUSjaII AjjIjaJI cAauA :6.4 JjJaJ 



: p [j/(mol-°C)] 




225.9 


C 6 H 12 0 6 (s) jjSjk 


29.3 




36.47 


co 2 (g)ajijsa 


75.4 


H 2 0(/) *U 



(2)j l 25°C (jJ^ 37°C (j-o ClA^ltliiall Aj^jjj (1) till ji-i-^ll jLoball (jaiJ-Tnj .LfjJaljjil 

17.4 jLill j^Jajj .37°C ts *a> 25°C Cy jjI jjll ajs^j (3)j jjj^j J&UlJI Jji-aa. 



C 6 H I2 0 6 ,60 2 
37oC 

AH, 

C 6 H 12 0 6 ,0 2 Jjj 



AH, (T) 



^1 jL^I 



6C0 2 , 6 H 2 0 
37oC 

t 

I A /f 3 

I > 
! C0 2 , H 2 0 y j 



V A // = A H 0 ' 
C 6 H 12 0 6 ,60 2 2 ____ r ___> 6C0 2 , 6H 2 0 

25°C ^.jjjt 25oC 

. jLouVI (k*«a. jjS jlill J*l£ll jljl^i! (^IjSil Jc-ti" J^>-° :17.4 JiuJI 



: 1 9 — 8.4 Allla-all 4jj y aa all 'ijl^^JI dlljjij L-lLmaJ (J<nMmi 

^ = Z(«* ^c , J , if (r)dr)=2n f c^(r 2 -7' 1 ) 
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A//, =lmol 



225.9- 



mol°C 



+6mol 



29.3- 



mol 0 C 



(25°C-37°C) 



(25°C-37°C) = -4820J 



A/7 . = 6mol 



36.47- 



V 



mol°C 



+6mol 75.4- 



mol°C 



(37°C-25°C) 



(37°C-25°C) = 8050J 



.3 S_aJaa il ^3 4 i a^uia all 



Aff° = T^AiT = C - Hl2 ° 6 A// 



C f, H 12°6 



e,C f ,H„0„ 



lm ° ir -2805- kJ 



-1 



mol 



= -2805 kJ 



AH r (37°C) = A//j + AH° r + AH } = -4.82kJ - 2805kJ - 8.05kJ = -2800 kJ 

37° C ^JC- (J.!^ m^Vl £-a jj^jlxll (j-a .li.lj (Jj^i (Jelsj ojlj^ lSJ^ 4 ^ 

^jL^ AH r I ilj c A//; I >*-J A/7, j Af^ ^ J -^V . - 2800 kJ JjUI 

A^jUila A/7 3 J A/7j tlljgi ^^ill <Lui j lii^. .nil o jl^j^JI (_£ JJ«J (jl Ljajl Jaa.V . A/7 r Uj^)^ 
(J ajSI ^"'^ (Jtlijll J <Tl > .il j tijc-liiill Jlj-al £a AjjailUa ClL^ltlilall 1 JjjLJI (JllLail 

12-8.4 Ali*-a]l jSi . jjt'ij.n AH r (T) <-L^ jli cjlLjJJI jlia JSa^j ^ lil ajI jjc. 

.1 ^jluy Civic. lilxJI J£3 L-ji ^ j.n ill J^-v'll ^jj| (Jc-lijll ojlj^. L-lLmaJ CllLuikJ (^1 

Jclaill ojlj^. ^j^-**' 'Ai.l_all (j* (jal ^ 1 1 nill Jjajll 1$j3 (jj^J ^jjll CjVUJI A^JLlaIj 
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ah;=-^ah; (20-8.4) 

\o,\ 



jA (7 S j i((Jc.lijll i^^'u.n ^Jjl] <fuij (_jl) S (J"'7»N ^ u.nll Jjajll jA ^ (jl 

A//° j 4 4-a jliiall ^ji AjIjj jJ ^11 S (_>ii?JI '-^ J -4 J* ^ s J 'S (J- 1 "^! (Jc-^J (J" 

jjxj ^ LmJ 4(J}3jj]I CllY^»-a £-a (J-al*jll (jja. t^Jij La jljC- j .4jjL«_a]l (Jclijll Jjlji ( _ J A 

Atf r ° =t^j-AH° r (21-8.4) 



-8.4 j 20-8.4 j^Lx-all j .5-0 jiiioll J s J >all (ja-iill J^*- 0 ft, u] '-y- 



n. — n . 

f s =— J — (22-8.4) 



n. — n 

f s =— — — (23-8.4) 



jiJIj jl _> jj jj i jj ti 

I jjJjLx^i JaijJaj ojl Ji. 4ji.JJ JJC- (JjLjJI JJ^' <_S^ (J"" 1 "*-' (_S-^I is^-^ 1 (Jc-^l J jlajl 

1 A(/) + 3B(/)^lP(/) + 2Q(/) (24-8.4) 

IjK JtliS A (JA J J-a 1 00 jl o^ajjal . jLijlj]l LaA Qj Pj c j!>lx.Uia]l LaA B J A (jj ilu^. 
Jtlaill o jlj^. (jl (j^ajjSlj .Q jxi Jj^i 200j P (j-a Jj-a 100 (jjj^jl B j« J>a 300 £-a 

(JlfLal 4_ujUia dlLLaSu jl jijla B j A jl I jiij j . 100 kJ/mol jL-j Aff° 4jjIj*-<JI 
(jSlaj) a^IjII (jLjjLaij (jjjfuiill Bj A Jj^-j uj^ 'lS- 0 ^; j (Jtliill jlj cjc-lijll 
jVI .(j^.1 jll (j^jj^y ujj.""'^ jA>=^ jV ^4 AH° r J 12-8.4 3JjI*JI JlaxU 
-8.4 aJjUJU ^1 jiaVI JftUsB J AH° r l?Jj=J lS J J^ 1 '.'-"J 

:Bj A oa^iaJi 24 

A: AH; = f -f^AH; = 1 - 0a0Qm ° 1) 100^- = 10000 kJ (25-8.4) 
o I -1 mol 
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B: AH; = f -f^AH; = 1 - Q0QQmOl) 100^- = 10000 kJ (26-8.4) 
|c s | -3 mol 

.(jjjjjLuiia LgJ ^jUj^juta all (jllajill Clljl£ ti— iL aaJj ^jiall (_^alaJI (jc. 4 SSj i a " AH° jjl Jl I j^.' 

P (> V^- 50 oijSil B (> J>« 150 £-« ^iclij A (> J j- 100 ji jVI o^Jial 

Ajjllx-allj ka all ^ . ;-il jja^l (Jclilll lis j jjjjjUx-o ^-it i^n j ojl j^. Ait Q (j^i <Jj^i 100 J 

(j-aj .A (>i A , ;-il3 V 50 lilliA j cjclidll Jill ^ B JcUlall .24~8.4 

A IJjiLa tAJUJI si* ,J .100 kJ/mol lsjL^j AH° ajjUx^II JcUill Sjlja. j 

: ( _ s jVI^ Lafria (J£l ( _ s Jjoiill (Jj^jII (jj^J lil tijclijll (JliLal (jjJijllLa Luyl B j 

A: r ■M-M = 100-°l-50m°l =a5 (27 _ g4) 
n ( . A 100 mol 

B: 7 ^-^ = 150mol-0mol =L0 (28 _ 84) 
n ; B 150 mol 

L-ll i n-> II littSl f.\ jjji t-Uaij jA (Jc.liill (jc f^Ull AH^ j^jljaJI (_5 jis-all J J^ll J-J*^ (jj 

:B <jjii»JI p\ A Jc. 

A: AH r ° =<4 AH; = a5aQ ° mol) 100^- = 5000 kJ (29-8.4) 
o s — 1 mol 

B: AH; =^4 AH; = LOa50mol) 100^- = 5000 kJ (30-8.4) 
|a s | |-3| mol 

■ '■■ ^ jLujj Ajjljll aJUJI J ^jlill jIjL» t 5 Jt ^ a '^*J aJUJI J jj*j1I A-aja 

. JjVi sjuii j gaj jjl. 

Jia (Jc-lidll J-aiuy V jl 4 (_JcliLiil (JlfLal ' ■ b-jj£ ' ■ lull) oJ_aa.j-a l "'^ c\ ailttll (jj^ LaAic. 
jjjlLall (JLaxjjoil oljiiVI llila 2 , „ j , ^\l Sjl^aJI Cjljjij i-jLuia. ' ■ laj 4(JLaj£VI 

(jiiljla-all J i^tjljillj CiMclilai] iCLii j^ll Jia-a j aJj^II Jix-aj dlV j^ll j aJj£1I qa A_a_ia_i-all 

.19-8.4 j 18-8.4 
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^tuutfl J*l£ jjc 14.4 Jlid! 

tjjjjijj]! ^.Ijji 37°C -lie. Jclijll ojlj^. t_jLuiiJ Sj-a 13.4 (Jl^ll (J-^l :4luw 
C 6 H 12 0 6 (5) + 60 2 (g)^6C0 2 (g) + 6H 2 0(/) 

(Jj-o 0.2 (jlj cJclidU jla (jj^joi^Vl (j-o Cl)i ja 9 J jj^jlxll (j-a (jl (_)iijjal 

• 6.4 (Jj^?JI olla*_« AL_all Clli 4jjIj^JI CjUjoJI . (Jcliill jj A*J CJ iij jj£ jlill Qa 

: jj£ jliil i.niti Jp^ll Vjl '<Je-l&11 JU>j£l Ji\ Ijlii :JaJl 

, _ "w, ~ n j.c 6 H, 2 o 6 = 1 mol - 0.2 mol = Q g 
Cf ' Hl2 ° f ' ra.cHo Imol 

I,C 6 H 12 U 6 

^"^ = (lmo 1X 0.8) = 0 . 8mo| 
-o, -(-1) 

n j,o 2 =n i,o 2 +°o 2 R =9 mol + (-6) 0.8 mol = 4.2 mol 

«Lallj jjJjSJI Aiui£l ^lij (jx <J£ qa Jjxi 4.8 (Jtlijll ALj^aa ^ji (j^Siij 



C 6 H 12 0 6 ,90 2 
at 37° C 



AH r 



C 6 H 12 0 6 , 0 2 Jjj 



at 25° C 



A// j AH 



C0 2 ,H 2 0,C 6 H 12 0 6 , 0 2 
A at37°C 

C0 2 ,H 2 0,C 6 H 12 0 6 ,0 2 ^ 



-C0 2 ,H 2 0,C 6 H 12 0 6) 0 2 
at25°C 



jl^* :18.4 JiAJI 



(jJ^jlill J JJC. .(18.4 jLill) 13.4 JU <^3 Jj^jJI (^aljia^l jL^JI J^Ladm 
(Jaatluijj jLjiaII (j-o 3 S jJaaJI 37°C t5 J^ 25°C lijJ (jl t . !•>,' ClL>lc.\ilaJI (j^ajlij 
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llgJaAuiii J*J 19 — 8.4 AJjl*-all jni"> «\\ ojl j^J ClI jjij ■ ■ '1 > 1 

A// = Zk J? c ».* C ) Jr ) =I^ c /v cr 2 -^)) = cr 2 -^)I> s c P , 

5 s s 



A//, =(25°C-37°C) 



1 mol 



225.9- 



mol°C 



+ 9 mol 



29.3- 



mol°C 



= -5.88 kJ 



A// 3 = (37°C-25°C) 



+ 0.2 mol 



4.8 mol 



225.9- 



36.47- 



rnoKC 



f 



+ 4.8 mol 



\ 



mol-°C 



+ 4.2 mol 29.3- 



75.4 

V mol ° C j 

J 



= 8.46 kJ 



AH = ^AH° = ^A^Q^o, AH° H n 



mol -° C j 

0.8(1 mol) 



a 



C„H l2 O f 



1 



-(-2805kJ) = -2244kJ 



AH r (37° C) = AH l + AH ° r + AH 3 = -5 . 8 8 kJ - 2244 kJ + 8 .46 kJ = -2240 kJ 

jki . - 2240 kJ 37°C ^ u^VIj jj£ jlill ^jaJ Jl jSa^l Jclfii sj Jil 
Jclai Sj (jU c^ijlo jA LJ Uaj . - 2800 kJ csjl^ jj£ jliU jl JiOU AH r J 

l^it tf t) J-ISH Jl^i) 2JU l^i. Jrf (/ C6Hi2 o 6 = 0.8 La^ic tf t) ^>ll ji^VI 
A# r ^il .AH° r 6- i j^S AH 3 j AH X J ^ -(/c 6 h 12 o 6 = 10 
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dllijSx ^jic jiaj <La jjaiaj AH r (Jclijll s jl L_llui^ *L'°„'^ 8.4 jJaLa]! ^ LialxJ 

tAjdiiLa "Lajlaia JJC (_gjl^)aJI all ^ tgl^ll Ji*-^l L-lLma. ^^Ic. oj^Loll 1 ■ Ifuijj .4Ac.LiLa 

SjSLjkJI "Lajiaiall ^^aaj La ^ j .Aiclilall -Uiiti ^^Jc. AjKII Aaliall JaliaJl <LhL*-a j,'.'^"** 

17-3.4 <jjf?J <taU^11 Jjiij i<j£jaJ j (jijaUall ,J Wa J-^' V ^1 

: Jl 10-3.4 aA^I£1! aJ^UJIj 
5>,/f, ~Y j m j H j +Q +W nonflow =0 (1-9.4) 

+ Ie +Iw nonflow =o (2-9.4) 

i 7 

jjij (jA*-a jl (_5jl^)^JI (_g j"'^ all JJ*J *— ^l)*^ "^-L^cLii Ujj3 j}' < _ s j1I jJiill (J-aij La 

IlllliDlsilll ^jljaJI <_£ jla_a]l 

-AH r =Y j m i H i -J j m j H j (3-9.4) 

«' 7 

-Mi r =Y 4 m i H i -Y j m ] H j (4-9.4) 

' 7 

laa all ( _ ? £ (_£jl_)^JI (_g jj^ail Ajlxill 4 ajill 4jj«_a "LiLaJI ' ■ uaJlj i_$J^ ej^j 

lil .^jiJIj (Ji.^11 ClIjLu JJjlia jJJ (Jjjill Jl aatloiL t*Slij c2 _ 9.4j 1~ 9.4 jJjhlx-alL 

Ji^L 2-9.4j 1-9.4 QuhUJ jLaj 
-AH r +2+W nonflow =0 (5-9.4) 
-A// r +Xe+Z w; no„ fl ow=0 (6-9.4) 

Sjl^^JI j 4jjLl*-a]l (Jc-liiill ojl^a. Ljia t J o^C llttj aJJ jjt A// ' J AH r (JJjI^Lall (j£-aJj 

j£\ jjl jUI Lulaj Lilac. j .4jlc.liil1 A// f . j A// ( i-jluia. Aj1£ 8.4 jJaLall ,J lialsu 

lilli cAjltlij]! -U'lti jjll j^J| (_j jia-ail dil jjxj L- ll in-s (j* 8.4 £-laLa]l ^ ULijI j 

• 6-9.4 j 5-9.4 (jiibU-all LjJLaajJ ijJlxj j^aj ^1 Cjljjijll 

ft j*2*aJI cjUUil ^ ^j^ll lj^j^I 15.4 JllaJI 

11.4 Jliall ^ l_i_aj-aj-a!l c*lli qa \ JJj£ £cS Jc-LC jA 'j. all 1—ljSjill :3jLut4 
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6 C0 2 (g) + 6 H 2 0(/) -> C 6 H 12 0 6 (s) + 6 0 2 (g) 

g^jJa^jl (Jtlidll Jnt'i 11*1 j .'!*«* j f i '(jAk afllx (jjlcliij (j^i ^"'j i jail ' ■ ','**■ jf'^ ' flJiU*>-a 

^jiX :AiLL (^ki^j Jjj .(thylakoid membrane of chloroplast) JjSjjjKII 
JlS jjjjVl Jx»Lni jlij cAL* js j (adenosine triphosphate ATP) jjjjj^Vl Cili^ ja 
^jU^j j .(nicotinamide adenine dinucleotide phosphate NADPH) eg jill 



:onnng 
J Jj uA^ hoton 



OH 





JJ 4_u jail a^Jalall 




Jib 

: . j Jk 4 ll J fcr ^ll jjIcliilL tPj-^l m£ J3» =19.4 JiAB 
Keeton WT and Gould JL, Biological Science, 4 th ed., New York: WW 
Norton, 1986 

jjj^ (adenosine diphosphate ADP) ou^Vl cjliu. ja ^li Jj oli^ja Ac 
tf iH t( JkJI JdUsS ^ij .NADPH _SI ojjSI NADP+ -St jjJ ^ jj cATP _J 

II (j^i dllL a j3 if- j^-n. " jjj ASUa jj^"" C(Jj2 jjjKII jjjJaLaJI unill ,j J' aaj 

NADPH —SI siftl </) NADPH _J i^sLj (ADP ATP _J Ol^ ATP 
^jI jaJ (JJi-ll JftliSlI <> NADP+ — SI j ADP -II ^ .(NADP+ 

.(19.4 JiSB) 
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U JjL, AilL cjjj^j |j] .12 NADPHj 18 ATP jjSjkll *y;> J cVWjj 
(jjjLJI J**ll Jiu ja La cATP —II (> CjUjoi jiJI olc j^a-a <ll jl jja. 30.5 kj/mol 

?NADP+ J! NADPH -SI j- j»J j s^L 

jj£ jlc. ja. ^tljj jC A AjjI^aJI AaUall jj£j 111 j < SaSi dllj ^tJJ^jl (JrfUMm'l 

. ( 1 atm j 25° C ) ajjUx^ i_ijjJa .lie. Jj-a^-i Jclilll jl L ^ Jik\ . (aIo^a j 

^^C. "ULa. ^ji <L« jlaiall (jl (j^aljjal lij£-ol tA-o jlaia Cjljjll 1 'j;""*-l lij iJaJl 

ja Aj^jfaJI AJt^j all (Jl At'i l nl (j^ajj . jljjijj V Aj^^aJI j A iA£j\ jijiiliaJI jU t3 -j^'-H liljaj 

jJilall CjbUaaJ AjKII AlUall iiliajl <taU^ 

Z^^-Z^A +G+w nonflow =o 

' j 

(_ji jj] jVI jjiaJI jC- (_pajj«j]l 1 il£ aJ 111 j tj j. '—II 1 . Lj£ cljjl "LajIiiaJI J (Jclij (Jj-a^Jj 

:5-9.4 *hl*JI J^il 3-9.4 
-AH r +Q+W mnRow =0 

' g ■' ' """'^ ^llla-sll o-^A (Jjjij I Lua all ajl^a. (J^Ijjj V dlLjjll (jl lUal jj3| Jl I jJaj j 
JjijJI Jill *^ jlill AjjuxJI Jftliill Sj ja. jl 11.4 (Jlall (> jkij 

(f.LaJI j (jjjjill .ijin^l jIj) (jjlcliial] AjjUx^ll (jjjSill CjIjIjs. Jl oaloiU 2810 kj/mol 

.la.1 j jaj -LualaJ AH ° (jl JJ^IS jSl (JLaxiailj la j ( jja ui^Vlj jj£jlx]l) jjajljll j 

. 4.66X10~ 21 kj (jjJjLa-all jjSjiall Jjft jj£jli]l j* 

o.lm£l j ATP II ja Clliui j3 4c jxa a 4JI jl jC ^a.lill <-ojlala]l J SiUall jjaj - >fi J 4 

JJC. A£ja_<i e jS3 Aaodj (jSjffi Ailk J-aall jl jj i^Jlo JJC Xat cNADPH H 

Al\ jlj jj£ jlxJI jJjSj lUtjLaa. Aiitill Ciiltlijll jj a ■ '— J (_5^>a.l Aij^ia j^y) ejtjaJI 

g- jj y» lUJI J J\ Ijliij .( Atf r jaJI NADPH —II Si-dj .ATP —II j- c^lio, jiB 
jjS jk. fr(: 5> j-liV 18 ADP J\ 18 ATP Jjj^ jaj-ll lUII t<iU=ai j- 

:(30.5 kj c?l) ATP j-o ^a.1 j Jj-a JjJ^j (^i sjjaiall AiUall JLaalujL: j 
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w = 

YV ATP 



( M\\ 
30.5 — 
^ mol J 



lmol 



6.02xl0 23 Molecules 



(18 molecules) =9. 12x 10 22 kJ 



NADP+ *y;> 12 J\ NADPH 12 5L.jiii.J3 ^\ JJ ..mr/ij 

:NADPH — L >l j ATP — !U ^ Jj jisJI Ja*J1 

-Aff r +W nonflow = -AH r +W ATP +W NADPH = 0 

^ nadph = AH r ~W ATP = 4.66x10 21 kJ-9.12xl0 22 kJ 



W / NADPH=3-75xlO- 21 kJ 



= 3.75xlO~ 21 kJ 
6.02xl0 23 molecules 



mol 



J 



1 



v 12 molecules y 



= 188 



kJ 
mol 



NADP+ -II J\ NADPH -J! Ojj^j <ADP -II J\ ATP _JI <> <J£ 

(j-aLall (Jtliiill (j-a (j^-ij (jjltlidll (JJ^A (j-o <La jlilal] e j3 jiajl AlUaJI j .Ailial] I jja_a !5lcliij 

. jj£jlx3l gjjj ^jjlll ojljiil 

cSJLaJI oiA . <La jlaiajl (j-o *La]l jj-a JajaAa jl^La AjjJaJI Civile lLa]l ,j ill (jl (j^-aJ 

Jj JjLJI (_^iJt t*ll j (j« jj£I <-« jlilalt (j-a £ jUJI sLall jLkJ ^jljaJI <_£ jla_a]l JjfL) 

jja illl oJ_)^J 1.1a, 1 i iajl a i aJJ (jl <La_jIaLa]l JJC. (_£jl_)aJI (.gjja JJ*-^ (j^y ^ .<La_jIaia]l 
2JjUcJI <Aj£ ejlcj jLaJ jail j*'- -M jjxj J J-ja JoH JJJ^I CS^ J 

: JYK 6-9.4 

-Aff r -Aff v + 2X onflow =0 (7-9.4) 

IAUjIx^JI Lai (JLaaliuAj L-li aa Jj jjajdll ojlja. (J-l*-a jA AH v (jj 

AH v =mAH v (8-9.4) 

: ALU-all j 

AH v =nAH v (8-9.4) 

.CjV j^II jl 41&3I (JjiLjI Jc AjCjj]! j-ja nil sjlja. ^ AH v (jj <— ya. 

^jjAiiil jiia 16.4 

(citric QjojNI O^*- AjJaxlaJI 4£l jilt J (jj£jJ cjr^ AjxjjIJI (j^aLaa-Vl .laj :5jLuu> 

LkaU. ^LxJall i_iLiajj •JljfrM o^l j>p ^ '(C 6 H 8 0 7 ) acid) 
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^jixll A LaJJ (JLaxHujIj fi^ilui-o fi^j^ijuij (j^uill >■ 2""^"? Acljj^ll £"^3 

: 30° C Aic CjU^ j Jc.lL> ^ (Aspergillus niger) * 
C 6 U 12 O 6 ( S )+aNK 3 (g)+bO 2 (g)^cCR 179 N 02 O 05 (s) 

+JC0 2 (s)+eH 2 0(/)+/ C 6 H 8 0 7 (*) 

(jja. (jjAjllI (j^a^i. AjaAjj] (_£jljaijj . RQ = 0.45 (Jtlijll liA i_yik±il\ AAxnj t_gj\jjii 

$ cJi J j^j .CH 179 N 02 O 05 ^ jJlj .0.7 jjSjlill t> £*&J 

.7.4 Jj^JI Ji sU«-. ^U-jSJI Jcliill ^ ^jLU! elk jJb ^,UJI 

Jjjaall (_5jLjUj .<cLJI 7.5 (jJaMjiSYt J^i-iS (Ji*-o (_5 jL^yj c<cLJI ^ 0.4 

^»jlai>ll J) J 4i jj, j& <j-.i<^« i_l*-4j -0-91 jjSjkll C5 ^il! 

.(Doran PM, Bioprocess Engineering Principles, 1995. t> 



A//°(kJ/mol) Ji>^ 

-2805 C 6 H 12 0 6 (5) 
-382.6 NH 3 (#) U^i 

-552 CH L79 N a2 O a5 (s) U±i\ 
-1962 C 6 H 8 Q 7 (s) Qj^a ^ 



:JaJ 



•"•>"' . 1 

.(20.4 JLill) (jj^JI cMa*H e?A ^UjhiJ jjda. :U=lL^I 

JJ^ -2 



381 



j-a]l sAi?. ' " '^'j"'" * • 

AXa^a 4 ■ "j- all o^l^^JI • 
, 30°C Ait AjjIj <_S (JclLJI sjl ji. <^.jA • 




.(jj-ajlll (J^aa c£j^" J 2 -^ 1 :20.4 Jiulll 



.(5.^ jaJ-ll) 2430.7 kJ/kg 30°C^A# v *1<J1 jiiSSjj* • 

j jj-a^J till jjxaaII 
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•kg, kJ, hr, mol : cjl.ia.jll • 
.LuLul (<cLJI ^ £K 20) jj^ jlill Jj** JL«2J (jLaj i^L^VI (cl i) 

_ m m,c 6 H, 2 o 6 _ hr _m mo1 



• _ ^6".2"6 _ 111 = ||| 



"in,C 6 H 12 0, 



lkg 



mol 



hr 



1000 g 

:<1Luia1I (j^ai ^ u^** * ijclaiill 
C 6 H 12 O 6 (*)+flNH 3 (g)+fcO 2 (g)^cCH 1 . 79 N 0J O as (j) 

+dC0 2 (g)+eU 2 0(l)+f C 6 H 8 0 7 (*) 



:Jc.lijll jo (Jaj ^ ji-al it 11 ja l_i 

-6+C+J+6/ =0 

-a + 0.2c =0 rjjajjlill 

-12-3a + 1.79c + 2e+8/ =0 ^jj^ 

-6-2£+0.50c + 2d+e+7/ =0 :a^Vl 

0.45 = — :RQ c>iii3l ^bau 

b 

0.70=/ :*jaJ3tyl 

ICjljjjLLttll jxi3 -IJ-laj (j^-aJ ' jal ^-"^^ lS^ j' 

a = 0.196 ^=1.82 c =0.979 J =0.821 e=2.62 

jLall <1jUla1I (JjSj j 

C 6 H 12 0 6 (s ) + 0. 1 96 NH 3 (g ) + 1 .82 0 2 (g ) -> 0.979 CH, , 79 N 0 2 O 0 5 (5 ) 
+ 0.821CO 2 (g ) + 2.62H 2 0(/ ) + 0.7 C 6 H 8 0 7 (s ) 

L-lLuia. .3 

AjLCaliall SjtJu all J-axi^ij tel ka-all ^ jl jail JjaJj Cj^it-o (j! <^ll Ijlaj ICj^-lU-all (1) 

:AiUol! JaliaJ AlAUJ 
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:7-9.4 *hl*JI J\ ^LbUUI 4iUJ1 Jiliajl <bl*^ 

e=AH r +AH v -£w nonflow 

AjjUxJI JcliSlI ejlja. L-ll i \ 11-8.4 ^talx^ll Vjt JihMihI t AH L-ll .n"> \ j 
:7.4 Jj^?JI (^3 4a.jJLa]l CjLsSjJI jljiaJ ^IJj^ Jl«^Ls 

ah ; = £ (gM; J - Z ) 

= (Dah;, C6Hi206 + (0.i96)ah;, NH3 -(o.979)ah;, CHito0o5oNo2o 



-(0.7) AH 



= (1) 



e,C 6 H 8 0 7 



-2805 



V 



kJ 
mol 



( 



+(0.196) 



-382.6 



-(0.979) 



-552 



kJ 
mol 



mol j 
(0.7) 



-1962 



V 



kJ_ 
mol 



= -966 



kJ 
mol 



^jL^ C0 2 j H 2 0 3 ^Ulj 0 2 -l 2LjjL^I J! J*X\ Sj J 

iilij (Ja^J IjJ .(Jclidll ojl_)2»J Aia^-a 4 ...j...^ *N Sjl^aJI CllLal^jujI j .ljij-a 

(j^ajjxjllj 30°C AH r i_£j\j^S\ fjjl^al) j!lx-a jjxj t ■ bma-jj ClLal^jajVI 

AH r (30°Q = ah; =4^f ah; = ^ c ^.2°^c 6 h 12 o 6 



0.91 



111 

t hr 



moP 



C 6 H 12°6 



-1 



-966 



kJ 
mol 



= -97600 



kJ 
hr 



^ *LoJI (jjS (Jix-a i—lLuii. t AHj. Jja nil sjl^i. (JjbLA L-lLmaJ ^liijj 
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Jl jja ui^VI Ljj^iYI (JiJu .Ai-a ja ilttll jljiL« Uuaj tjelsall 



mol 



7? = 



n f 111 — (0.91) 

"in,C 6 H 12 0 6 J C 6 H 12 0 6 hr 



-a 



C f ,H, 2 0 6 



hr 
-(-1) 



=101 



mol 

~hr~ 



^ ^ ~^rnol 
«out,H 2 o =«i„,H 2 o + ^H 2 o^ =0 + (2.62)101-— = 265-— 

hr hr 



AH =—n 
1 10 



out,H 2 0 



AH =- 



10 



265 



mol v 



hr 



2430.7 



kjV 



kg 



18- 



mol 



kg 



lOOOg 



= 1160 



kJ 
hr 

iJaljjLS 15 ^ ^AZiJl klaJI (> JiJ S^lkU J Sjjfi jl 



w =l5kW=15 

KK nonflow -iv VV 1 J 



=f ^1=54000^ 
s ^ hr J hr 

: <2 ojl_)^JI Ji*-o (_5jLuijj 



2 =AH r +AH v -W 



nonflow 



kT kT kT kT 

= -97 600— +1160— -54000— =-150000— 
hr hr hr hr 

jl^SS jl 2 ,vjlVi^ll ^^jij ojl^pjl jl Jl jjAj li&j iAjlLui <2 4-aj3 

. Jtlij]l ojl^pj AjjlLo jjij-a s-Loll j-^ jc ^Ull 4 SI lall 

2^ ujj | .4 

Jt JiU=J] 150 000 kJ/hr j!^ Je.li-11 j- sJjaJ aJIJ ^ Mj^' 0) 

• 30° C -lie. Jcliall jl jaLjI 



klaJI j-a jklall Jl t-iL^i <aUa j tojl jaJl JjSlj Jclijll jl 

jxi ojlj^JI aJIjV ojj^jjja A-aii jj^ jl t A *, | j^l Cy ^ 'c3J^ ^^/iKj^H 
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^<yK, iakJLj AikUl <aLk]l jj£ (j^> (J jS*^ l_jl_jsJ j .iajialall 

I a^ i oflj (Jclij]l ojl^a. j 

S jjjLUI {Jallt 10.4 

:*JJJaJj AjL^IaIII AjKII 4ILUI ialiajl y^*- jki 

5> ( (E P , +E KJ + H l )-^m J (E PJ + E KJ +Hj) + ^Q 

• j 

~ rIF sys 

+Z W; no„ fl ow=^ (1-10-4) 



j 

-E 

nonflow T J' T , 



+Q+W no ^=EZ-EZ (2-10-4) 



c4-a£|jiall <aLkll jl .A^jJilall ^ AjKII AiLkll jjij (jiiblxJI (j^i (j-sjVI S-"L>11 J^i 

.(JjLuiaII (Ja. (j^oJ ■ " ua J ajjiiall ^Jajl3 Ajiajjoiij t " iL <il jjsl 0.1c. l_ltj£]l IjlA ^ (j^ajjiiui 
c2_il£]| 4iLkll ialisjl AlAjua AjLaLiill Ajta^-all ^a^aa-o ^Li La ^ Sjjl _j]| Cjl kimiill jl 
jLj 4_aj j| (jiajjij 2 Ajuu all "ULa. ^ IgJ » jl ui " CllL-aljjal ^.^ij (j^-aJ 4jl V) 

m J^J '1^ .4joiij ^IV^ll ^JjII Jj« LagJ 1.1*.! j jLu j jhi,«ll ^ l.la.1 j JiO 

2^o jlilall ^jjc. 4j£jaJ j Ala\£l\ (jjjiiLall CjIjjxj (j! (_pajjij tLulj . m j m. <jJ_>«jll (Ji-o 
4^o jiaiall till jjiia (jl o lie (jC. - ^- *'J j 4^ j-aJI a Ija A-o jlalall (jl (j^ajjij laJlj .4lag_A 

C(JL\a]l tjj;'" < _ s it j jIjj ^ ^^jll lillil Ljjjl^i. <La.jJj Ljjj^jj (jLo 

"La.jJ AJliLa j i^LajAVI ^ _jj-aj^s jjxj-oH (j^aJ C0JJ*1a1I -Uiiti ^Sj ■ (_£jLuij "LajIaLall oj^a. 

cljjil Lj i iaI3 (JjxjIj Li _a^J VI 1 , _jjil (Cjl j^JI JZJ~~~ all j AjC. _aj]l <ili.UI AiLkllj 

(C ) ^ij^)^' 4 t i nil (jl .AjjIj <L« jjalall dlUj^a al AjjI^aJI ClibuJI (jl (_pajjij 

^ j^UI AM jjll (_Jjl^aJI (_g jia-oll (_5jLuij Sjl^pJI (JllLa-jJ (j-o (JLa-o (j-<u-a djLi laa i a JUC 
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(C y ) Clulj XiC AjjIjaJI AjuoJI J«l£j cJjLuJj .(17 _ 5.4 ALU-all) SJjLi Si-a AjiSil 

At/ = f r2 C v (T) jr (3-10.4) 

J T, 



U=C v (T-T Ki ) (4-10.4) 



.0 t^jLuii UJ (J^J^ cr^ 4j*j>.jJI ojljaJI 4ja.J-} -lie. AjC. jjll AjLkUl AiLkll ^1 Sjj^ullj 

S^l 1-10.4 Jjikj tCjL^ljiaVI aiA JLaiJj 

dF sys 

mH, -mHj +?W nmnovj = (5-10.4) 

:4jj_ala Clll jl CiMclij J j^. j ja.}C. i ■ Ujoij SaSa jjoia all Sjl^pJ 

m77, =niC 1 ,(r j -r iBf ) (6-10.4) 

riff, = mC p (T j -T Kf ) = rhC p (T -T Kf ) (7-10.4) 



111 .^jiJI jLjJj A-ojlalall (j-o JS 'j'j^- ^J- 1 (j-* 7 (jj till 

mH i -mH j =mC p (T i -T) (8-10.4) 
(4-10.4 V jjll SLklJ SiLkll lj y± J^Uo JukU Ailkll o^j*^ 

<7F^ ^/7 ?>I // 

= at^_ = a_ (m ^ ^ _ T ^ )) = m sys ^ oj_ (9 _ 1Q 4) 

dt dt 
. (ajjIj L^jV all jIjoij T'jgj tj"' 1* u* 0 ^' t° uj"j^ C v j tn sys Cij$^ Lo^ic. till j j 
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(9-10.4j 8-10.4 j 5-10.4 

niC, (r, -r ) + + X^nonflow = m sys C v ^ (10 - 10.4) 

J T S J jaJI 4^ J^i2 jij .<>jil AajU 10-10.4 aLUJI J, T l J jaJ 4^ J-i J i^V 

mC(T i -T ) + Q +W nonaow =m*C y (T, -T 0 ) (11-10.4) 



t<J^jaJl aJjUlaII 3 -j^i- Ja. (jja. ."LajiiiaJI J ^>jc. 2J jjlall SVi<ti (jj du 

.La j-^t-a Sjlc c mC p (7^. — 7 1 ) 1<A jlalall J jAa. JJXJ jll 2JUall jl^La 

cC v =C p -R cCjIjUII 2JU Jj .C =C V uj^ fWVlj JjIj^I <^ Jj 

— 3.^—1.^ j3^.!>La]l J <^.jju ajjIj^JI oIxjoJI . JliLall jUJI dulj ja _/? (jj < 

.8. E 

jl^ ^ilal 17.4 Jlltll 

XaC ' JaSU. jjJ (j-a j£l 9.4 (JUail J (Oil jja ■ 2-iLaC. J jlail :<Uluu» 

^1 (j-a j jjj] Jt J (^jiaJ el&jll j! (>3JJ3l .(21.4 jLill) 4-ajIilaJI 

2JkJ Jj . 70kcal/min J^aj ^1 iiaij ? = 04i=J]l J f-iy jU^I jl j i30 o C^c. 

jLu J j e.lc jll J t^l Sjlja. <^.J^ 3_a_pUI oJLall (j.n^l . 10.0L/mill Jit-aJ Ifria jT J^JJ 

.37°C c C >S 
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n 



© 



ajJjII ,J JSJ 10 

37°C 



3 ajialttil 



.(Sjilx^ jjc. 5JU. ^ £^J) f-^ oj^^ :21.4 JiuJI 



:JaJI 

^j*?" • 1 

. 37 °C J\ j»J Sjj^ Jj— jl a-cJ^UI SaJI c_bu^l (!) 

jl^ 21.4 JSiSS : .11 (m) 

.4_a jjalall ojlji. i «1 . "i j cAtjZ \\\ till jjj] o^uoC (J3x-aJ 

Ojki .2 
: di u^ija (I) 

• 1.0cal/(g-° C) lSjL-u jtnij laA j cC p = C y • 
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• l.Og/cm 3 <_sj^ j 4^ f^l • 

. jlfraJI (Jiljj ^^pJI jIjj ejl^ja. cJ^J J^*^-" 'T i * 

.L, min, cal ,kg ,°C • 
. lO.Okg/min o-^Vl ^ J lO.OL/min ^jL-y 

L-ll ma .3 
•2 SI HI j S <\, sl3 



dt 



J^m t (E PJ +E K . + H i )-^m j (E Pj +E Kj +H J ) + Y,Q + I> nonflow 



: L-iLma II (l_i) 

aJj^II (j^ <L« jiilall j tojjjiuJI ^ Cl>IcUj j j ^^c. I j » <i jllal • 



kg 

m 1 = m 2 = m = 10.0 

min 
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• 1.0kg ^JC. jl^aJ J=>-Ij 

<iol£l! j^lLl! jV 10-10.4 S jii^l jjc 4JLJI fcjj- aJjUcx, j^oj ■ 



mC p (T l -T) + Y J Q=mC v 



dt 



10.0 



kg 



min 



lOOOg 
lkg 



1.0- 



cal 
g^C 



(30°C-T)+70000 



cal 



min 



=1.0 kg 



1000 g 

lkg 



1.0 



cal 



dT 
dt 



370^-10 T- kcal 



min 



nun 



•°C 



' kcalVr 



dt 



4a. J^l) ^ U. A L J}\S1^\ L-ijiJI Jxai^j 4 37°C J JJ-a jll <*JpUI SXall i_lLaiaJ 

T Jj.^U 2JLLJ <bU^I (j =0^11l 30° C ^jLoG SjjaJI 

kcal 

■= \'dt 
j 0 



f 



37° c 

30° C 





370 — -LOT 
min 



kcal 
min°C 



-1 



kcal 



10 



kcal 
min°C 



In 



v min 



10T 



kcal 
min°C 



37° C 
30° C 



= t 



ejjaj 4a.ja] (jLsJ V lil .ln(0) ^-laj V 4iV JaISjII i_lLuia. V 

l_Jjaii (jl (ja^oJ 4jl JJC. .o-JjAa-a o-lo (j^u-ia 37° C (Jj-oj (jl jl^aJI (jm '<-\ 

^jll ojja. 4a. jj jl O^J LJ-^ -(8.4 Jj^aJ) 37°C t> -lais UjjS) 

.oaaJj 4ij3J j-a Jal J!Aa. 37°C 4jjj3 ^ li 
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fjfl j*Luu jtj* £3l5j *L£i » J jaJI AajJ :8.4 JjJaJI 





fining &Xtl\ 


36.0 


0.195 


36.5 


0.264 


36.9 


0.425 


36.95 


0.494 


36.995 


0.724 


36.9995 


0.955 


36.9999995 


1.645 


36.999999999 


2.267 


36.9999999999 


2.497 



Ajl j£. .37°C(J! Ajjja. a^jj ^ a^V Sx« J\ (Oil ^tiaj :<_j| jaJI (I) 

.o.li.1 j 3 5j3 1 (J^la. 37°C (j-a 1-^?- ^^11 Sjl^P- ^-?-J J ~ .' ' -*"' Ijlaf. 

(Jaj 37° C <J**- 30° C (j-o (Oil ia.lj JjJ jj 4 . i n'll A-a_pUI sAall jl AjjfaJI 

A^.jJ JjLj (»^j jl ^a'lmU -ijjS 1 V'Ajb. J J| l^jiij j j AjLa.3 jc I JJjS 

. 37° C ^ji^. (j 4 - mjl (JjJal ^lj»J • Ajla I 30° C AjjI ja. 

A_« j]ila]| <SUall lalia jl Alii** (JJflail (Jjx jA jLuuVI (uuia. ,j 1—lMaLjiYI jl 

_ijJ - i "-^ II UMi. "7- , J AjSLajSII a^C.l£ll AilS 

basal ^^ujLuiVI cj!iiiu«Vl Jj*-*j .AjjU^alll dL^lclill! ^UjI SjjaaJl SjijaJI 
^ 3iyi pliil (^^Jl ^i AiUall aj Jnt-mn ^ill Jlstxll jA (metabolic rate BMR) 

.A-.UI A^l jll 

I jJlL, (Aj jiVlj SjjSill) (j-iaJlj j-*ll ^UVl t-LiUla.VI Jj*- Aj*jj 22.4 JSJJI 

- ■ \ ■ (_£jLuijj ^ 11 I J lall) ul Jii-aJ IIa^ * i 11 ^Jajoi j-a £J^a1I jj-al] o^jj^^^LSJIj 

jiajl) 2 (» 1.8 J^-j (Laic- 30 oj^tj AjIjS sjjj! 150 AjIjSj (ajj 170 Aljla) L^^lc- iJ-t^ ■» 

AcLull ^ Sjjj^. jliS 67 cSjIj^j ajJ ^jjoiLuiS/I l_ lISIluVI Jau-s jl t5 -j* : i Iaaj .(2.cii (jai^ll 

.(ijjll ^ji Sjjj^.j1jS 1600 jl 

Cy j^ 1 l?^ (al^^ll 1 . illaoij .a^.1 j AlLi. ^i !iL«lS L« jj qjiUII ^ ■ I jjU Ail jjc. 
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2 L.^.'fyl ^ju. . i 




44^:71 J^a :22.4 Jl&l 

Guyton AC and Hall 
JE, Textbook of Medical 
Physiology, Philadelphia: 
Saunders,2000. 



.*jJS 70 <Uli£ Q^sJil Ac jZA tl*5Jj\ *LuS 4dlUI ui :9.4 JjJaJt 







65 




77 


^1 7. l-i. ial £-a ^isj 


100 




105 


£-a cjjSj 


118 




140 




200 


(<c.Ull ^ jJS 4.16) e^gij 


500 




570 


(*cU1 ^ <J£ 8.48) 


650 


(4^U jJS 8.48) (Ja. ^-^a 


1100 





Guyton AC and Hall JE, Textbook of Medical Physiology, Philadelphia: <> (_>ujia J jiaJI • 

Saunders,2000 
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.**iliLaS fljUl OUi lj^UU :10.4 JjJaJI 



(kcal/g) A//, . JeUM SJja. 




4.1 




9.3 




4.5 





Guyton AC and : (j* (_>ujio Jj^?JI * 

Hall JE, Textbook of Medical 
Physiology, Philadelphia: 
Saunders,2000 



* 18.4 Jli»ll 

(Jia-a j Ajlij o^)^! 150 ^jjJJ 170 AJ jJa j Aioj 19 oj-aC. l—lLuj (jM^W I^JLuia 

(>« Loljc. 35 j a ■ ^i*n ^jJI sfrlic. ji (>aj5al . 1730kcal/day ^jLaij o^j& <_£UiLuuVI 

(jai ^»''JJ -(I - 23.4 (JSjoJI) till j.llA_aJj£]l (j^i LaljC. 320j 4(jjA^ll (j* LaljC. 71 J ^(jiijjJI 

.diliij jjJI j (jjAJlllj CjIjAjA jJJ^ll iJc-^J <— "Ij'j^ - 10.4 J j ^7- II 

(j* Llojj Iji^^ (jLjIjj ^1 ASUall jl^La jA La cdiaJI 11a iLu :1 41aJI 

Jia-a (jlfc ojLjj AiUall Alall ,J 20 <Jj ^^jj J- 0 ^- uMjJ O' (J^J^I : 2 

cA-ajora. (J L) j&Jl (jjaJ 2 i jjjl a\( <^.Li-aH AiLkll jl (j^ajjal j .Ua. laaS ^^jjLuiVI L- l)IS1uiVI 

^11 jljLa jA La .Alall ^fl 100 jLjj otliij J><T»j (jjAJ Jl AjUall JjjaJ (jlj 

•f J^' CS* 

^fl (^i-all *Lu1 JjaJI o.l}a. dL^aS 2Jjb t^^JJ *Lja2 JjIj £)LI JJ (j! (jiajpal : 3 ^JldJl 
2JiJI j! (j^ajlal .AjjIj ojlja. Aa.jJ (jic. ialiaJ] - 1 aa II ojlja. aJIjY A^aj-a-a AJiJI j - 1 ■ aill 
Sjl^)^ A^.jJ s^Lj jl^La jA La .ojl^iJI (jx (j al^lll ^jic. ojjlii JJC. ' " la J ■ al j oLiJ dlllaaj 
Ajuoi (jl (_paj!l3l ?iaa3 ^^j^LuiVI <— lSLsIuiYI (j"" *^ JJ-all ojl^aJI ' _ ^ (jjocLui (_£}la. (jLI_>J - ' "7- 

. 0.86kcal/(kg -° C) csjL^ a^J jaJI ^1 
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:JaJI 

!v A AiUJI JiliaJl *H*-1 5_iLbl£l| :1 

Ii3 < - 1 "-^ II ^ j*' I (j- 4 liS^LjJjLo! (Jj aaj V JjjkJ 3 oik (J^ jA <Jj t5 JUJij La (jj 

Jjlila ( £ r bmr __j cjLiljaslI oiA J£ caJL^JI ^ J .^^la t^ilo^l elSi AjuLjJI 

i > 
, food ~~ E T _ BMR — _ other — 0 

Jix- jA £ r ,BMRJ 0^ ^J^l Jj 2 iUaSI JjiJ jA £7- food jj 

J 3 aj]^lall L^ijj^aj jll 5JLL1I Jixx jA £7- other J t^-LiUlaiVI J <3 jj.^^ll SJUall 
^1 jj) J AiUall (_j j"^ - Je f.Uj 2_a jJilall Jj 3ikU| 2jLU1 Jj*x '.'"'^J .<£lpJl 3)nViVl 

:((jjAJIj jjj jjJI j (Jj| jAiA JJjSlI) Aj^illl ^liiil 

^V.food = m carb ^r.carb + r, fat + m P rot ^r.prot 
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= 320- 



day 



kcal 



+53 



g 



4.1 

v g 

f 



+71- 



day 



9.3 



kcal 



day 



4.5 



v 



kcal 

g ) 



= 2210 



kcal 
day 



(jLaj (^ill AiUall JjLo i_iLuaJj . 2210kcal/day fU-kll Sjajiall ajKII <aUall ^jL-j 

4 iLal&l 2iLkll JiliaJl 4LU^ 

*l g aJflJ A-o^jlx-a]! ^jjjlLail (jC. (j-a^xj j 



, other , food , BMR 



= 2210^- 1730^= 480 kCal 



day day day 

. 480kcal/day ij jluy AiSUJI ^i-i,v6u Sja jlJ Siliall Jiu jl 

Jc Alall J 20 J -IjJJ ^j j >^ajj Lolxla (jUjJ JjljSj jlaiaJI si* ,J :2 4JUJI 

ejljaJ] _jaj jAj — * jl Jja.Ha JJC. (J*ft <La jialall ,j -^Ji V ./.nil mVl 1 ■ i*Ma* Jjxx 
(jl jj^aljjal Ijiall (j-o lil .4 <ma Ailia L^jt-o j tAjKll (jUjJ <Uj£ jjxjj j 23.4 JSjill) 

IAjjVI AjLaliall AlUall JaliaJ <ljU-<i JLaxU j ojjiia jlaiall 



J7 — f 



dt 



1.2 x lf JuJ i-j3lSiJ 



slijjl (j* <5Ua 




ljT^VI :ij-23.4 Jlill 



s-liill jjAiJa <La jlalaJI Jl AaUall (Jla-o (jJJ Jjjill - ■ -7- II ^3 AjUall ^1 JJ Jix-o (_£jLuJj 

J I lima Ja] .(_£_)i.Vl AiUall i_a^o jl j ^ uil l.iS/I 1 . iNa'.Afl (JSLi (j-o l^La Ifra (J^x^i j 
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.■4Nfl*...l Ijlajj .cliill Jjjjla (j- 0 Wji °JJJ^_A£ 2210 iib 3-aj]ai«]l jl 1 <]UJI 

1 •'•'< «J c^L^Vl i— j^^inVl ^ Igijj-aJ ^1 lilt qa Alall ^3 20 (^jLuii A_iaL^aj AiLL jUjJ 

jJiLoll ^j^i <aLiall £J_pi (Jjx-a ' , ' 



F = \ IF =12 



1730 



kcal 
day 



= 2080 



kcal 
day 



jlalall (J ASUall Jo«-« l5J^J '^j 

— = ^V in out = 2210 2080 = 130 

dt day day day 

jjij liA 5iUall jl^La jl (j^ajiijj i 1 30 kcal/day AiUJI ^Ijj Jo«-» lSj^j 

kcal 



130 



_day_ =14 _g 



9.3 



kcal 
g 



day 



■ jg nifl ^3 Aj1j£ SjjJ 0.9 J-iiaJ Jl^jj ' <_&*-al! lift .lift 




.(0-23.4 Jiill) ^ jsU-L ^ JjUjj V jU J ^ :3 

I^jVIS AjISII AaLkll Jaliajl <hU-<i .3J taj'iu.i.nll jjc. 3JLaJt e^A ^ - ■ aa j| Q\ i n* ^LaVl 
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J T , BMR 



dt 



A^.jJ JJxaj -kjJJ^i <a jlaiall Ailk JJxjII jl 9 _ 10.4 aLU^JI (j-o 

— — = mC v 

dt dt 

<aLkll ^Ijj j!ix^ jA ^La.Vl i_l1SLjiVI Ji** j .C p =C y tAjL^JI i jJI <5U. ^ 

:a 

T , BMR m( ^n . 



1730 



kcal 



day 



1 day 

v 24 hr y 



= 1501b 



1 kg 
2.2 lb 



0.86 



m J V 

kcal <ir 



kcal 
kg^C 



72.1^=58.6 

hr °C dt 

r 2hr kcal r T kcal 
f 72.1— dt = \ 58.6 

J() Vir J37°C 



dT 



kcal 



°C 
kcal 



72.1 (2 hr-0) = (58.6 T -2170 °C) 

hr °C 

T = 39.5°C = 103°F 

■ • 39.5°C AjjLjJaill Ajjuil (JJaxj (j-o jjiic.Lui i*-J f I ■ aill ^jl j ^in> sjl^i. A_i.jJ ^ 1 ■ <aJ 

AjSj^JI j CjlSUall clAiijaj l Jj\\ AjjoiLaVl AiUall ^jaILo J - aill lift ^ lialaJ 

sjl jaJI IfrLajJa J-o j SjjLxJI <1UJ <j AiUall liiSb j .<_£ jl jaJ ^ j*^ all AiLja] tAjlkljllI j 

(_5 jla_a]l jl AjLkUl ASUall JL«Uj AbU^l oiA Acli^a Aj«;< j cAjxL jj]l AjKJI ASUall 
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(j-aij (JjLoia jaj llaS aJ .CxMcliill j jjUIj Jai^allj ojljaJ Oljlijl 
L-lLmaJ JLaxiuil A jij^ JjlaJJ llaS iljjilj .(_£jl jail (_£ j"'^ ail ,j dlljjij Jl 

.ojjiiall -Uiiti till jjilall 

Si-all JlSjjl <-umj 2 ^ jj^JI ^Ijjj jl aJ£31 Silkl! jl 11.4 Jj^l -^j^j 

^^jll (J jl IsJl jiajl . ^illiaH jjC. jl ^joilxall (JjjLojII ' j 4-° J^alall J jAa. JJC 4 aJ ■ aa 11 
LAjJ l g a. ^ jj i_lt&11 I J AjJSJI SJUall liaia ill .Ajjliall <Jai ja eSJ^Vl J j- j aa Sj 

.(6 (J— ill) 3j<j-K ; .tt aiLkll Jj (5 ill) AjIjj*^! AilLlI J jksll 

(_3_)ialj 1 1 j' ^ JaliajVI J Ajjlj^ll ClVia-a Jt m^'" (_ij£ll IjlA ^LojaI jl Jj I jiij j 
^jjjjj^l cilia ja (_g^)i.VI 4 a^ all ^aJAliall <aJlx-a <LaJ . lilialil J ya jjll > ^il ja ja Jl 

Kyle BG, ) csj^ s-"* J J^ tSL»Ujj>»jill jjj^j free energy Xa&A Ailkll j 

Chemical and Process Thermodynamics, 3d ed., Upper Saddle River, NJ: 
Prentice Hall, 1999; Cengel YA and Boles MA, Thermodynamics: An 

■ {Engineering Approach, 3d ed., Boston: McGraw-Hill, 1998. 



2iUall 2jj| 3JjU-» ^ ^1 jSil j .ifc^lutfl j jjljjllj 4£ jaJI qosAa :11.4 Jj±?JI 





j2 + 


j> - jij 








^JJC.j ^jJdLba (_JjjU«J 4,.q U.i"N aJlUa Jliijl 
















X X 


urn 
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JjLula 



1.4 

.jxll ^jLj J) 37 ^u. 

<La.jJ (jl (j^ajaalj .jl^)j-a]l 4 a > a° i .i (JSjtx Jc- j»jSJ ojl_)aJI dlla.j^l l.i).la. Lalui (j^ajaal 

^ Luj Igil j c^ija^ll J jQ l <iuikui dsl j-a ji^c. ^ jLoij ^lmll li& J Sjl^aJI 

CLlLa.jj]lj 7\ I— Ljlfrjj$i3Ll Sj'.}Lajl SjljaJI <a.J-i -^JJ ^j^'-l (!) 

La . 1.87 j/(g-° F) (^jluu fjuaaj ejlj*. <a.j^ -lit fOll 4jjljaJI <x_uJI jl <j^l jjaL(<_s) 

? j/(g-° X) J Sj-iia - ■ -~ ejlja. <a.jJ .lie. AjjIjaJI AjuoJI jljLa jA 

lAailaJlj cLjLjI IfrL a t^U 4jjljaJI AjuoiII Jaxj (ell) 

J 



g-°F 



= 1.85 + 0.000234 T [°f] 



AjuoJI ^ X J oj^La ojl^a. (J «»"u aJ 4jjl^)aJI ^.lll SJjlx^i ^ j4."i,„I 

aJjLhaII ^ bj a ajji^xJI ^jSII ,&a. njjiJi dljLwj . j/(g -° X) ; ajJ j^JI 

J 



.g'X. 



=a+z>r [°x] 



98.6°F^jt AjjIjaJI L-Lma.1 '(^) J t^LI j». <^ (j« (jiijj J(cli) 

*jlaJJ <aUJI djl£ lil .2.4atmc5jL^ jjlka .ki^a qy? u^Vl <> .-...--^ i 2.4 

La iAijjx-a 4jxa.j^i 3JU. Jl 4 UnllU 5700j/mol (S 310K .Ait AjC jjll 

?l g i ni i Ajxa-j-aJI "UlaJI lillj Jl Lljjm'u (jja ■ aS!)l 1 ^jl^^aJI (_g jja all jl^La jA 

Ijjj] 1.0 Jj IjjJ 2.5 (j-a AjjlaJI J jliJl aajai (j-aiiij Cllia-J (juj^a Jl (jjj <■ <J ■ >il 3.4 
I jj <-a JiiaJI Jl UpaL-aj Jl ^liaJ jSI ojl J=JI 
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(J j ^Jlla jUJI jl Cr^J 1 ^ ?JJ^?JI kjjJall .Ait lj*ul 2.5 J) Sjltl ^4 tliJC-j 

• l.Oatm cgjl^j ^l-SuVl k ij Jal l 

Ait ^Jxo .B AmJI JJal« A jJJ J Jill liKij ^ ^jjjj AjoiAj^j CiaS 4.4 

J«it'|i ii j . Cj3 j]I (Jl jJa iilij ojl^jaJI <a.jji ^^Ic SaliaJ] a jjju.ill ~; a i a"l I-^J ' 37 °C 

CllLaJ^y L>* 4jjI^lSjVI <J^£H ; (JelLoll (jl (_jl 4(_£ jja <±a. j (Jc-lLa tjjjj'»ll 

S_J j^JI 4 ii ii ill (C j\ i in j Ul£ Aj] jVl jIjaII »*. J ^"'^ (J-a*J ^J^J ' " ^ JJ^I J 

(j^i jA j jSs JJC. aaj (JcUlJI j 1 1 ; 10 £^jJI B V'.'.'^ £ixaa ^\ A (jij jjJl 

-^ = kC A 
dt 

tj 'A ohjjJI Jw^jj ja C A j '(fc =0.01 s -1 ) Jclioll j!^ k Jl ^> 

.(j-ajll jA 

.(I) ,j 3 jj.n-v *N oXall fljul A ajiitt3l B V'.'.'^ JJxla JlJlC. < . b aa.1 (i_l) 

(jx £Cjjj Jj-° cjj^-a-a 10 kj Ujl^la 2JUa JjaJJ cajljai] jjilj (JcUlJI j) ^1 I jJaj j 

iJjt-J sLa jLu <Ixuil_jj o^jl jll ojljaJI JUjj (_£jlja. Jjlia _jj SjljaJI (Jl jjj .B 

4*ka Laj (j^aJ j 

2 — hA (7" bioreactor — 7" water ) 
C(_gjljaJI (Jjllxall ^Jajyu "LaLjia A j C(_£jljaJI (Jiill (J^lx^i jA (jl 

*u jLi sjj* (_jA r water j ^j^ji jftii-ii sjj* a^jj <^a r bioreactor j 

ajjVI CjUUJIj tV water jjUl (3ai JkJ ^jIj /z csJj=JI Jiill J-l*- .JjUll 

'150mM C A() J tOljlJ 10 lSJ^J <-Sj#^ JclLall :L^ajl S j3 jlo 

• * =^wa ter xl00kj/(m 5 ■ K) j . A = 5 m 2 j r 0JJJ ^l ^1^ ^ T water = 4°C j 

■0 

.L/min — ; I j^u (>j!3 Uub <i^> ^ V water *L<JI (Jisi ^(dj) 
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2JLL1I ^Uii] iAc cUxloij jl$a. ja (bomb calorimeter) ( ^LpaI1 oljjjaJI ^LiLa 5.4 
cj>ll ^LLaJI liAj .(24.4 JLill) JljlkVI cj^ltlii ^ 2L^U cSjUB Sbkli 

dulj (jj^J (ji ' . '7-,' 'Lajlui ^LaC. (J-axJ . dulj -7 ■»■ ^^Ic. ialiaj] - * 1 * jAj 

. AU =C AT :4&UJL 2LklJ 4SU.1I ol Jii chilli 11a Lj^C qA^A 

(Jl jj^VI s jl ja. c5jLuu c(C 7 H 6 0 2 ) (benzoic acid) £-a^»ll u^ 3 - 4 ^ ^-=>. <Aj 
CiljjjaJI (jjiLjL« ^ ^aj^al l (j^a-aa. j-o 5jjc . A// e = —3226.7 kJ/mol 

CjjIj jIjLo ja La .3.72°C jl^laj SjljaJI 4a. jj jIjJjs t25°C <a.j-^ ^ ^jUJI 

^CjIjj^^I al jS a 

LS k±i j cLuLa <lj^*-a SjjiJ^ ejia (j-aj-ia aa Call jj^ajj c^iiLvaJI Cjljj^aJI (jJjLa 6.4 
(j '—■»;; jaLjslI 4j]I ' . cojajaJI (j aa uill Jlja. j s-Lul j .AjjIj o^a>aJI ojl_)a. 4a.j.l 
Sjl^^l (JjiISj j t4ji>iL]^ll (jjjLajll » j j» j JSVI (Jj-a <JaLJjJa]| 3 U.ViSfl 

Cjl^j^aJI (jjjLiiLa (Ja .o^l^aJ] a^)a»aJI eLa (j-a^oa. I ■ )1 i aj£l (Jllx-aJ 4 aj aa ^j-a S^^aJLalt 

.2jla.VI (_Jic ?< -iMSluiVl (Ji*-a (_>uUi] AjLaC. 4 L . a j ^LbaJI 

(j^a _ja. (ja_uij coXaJI o^A s-Lul j .<cLui 24 e^-a dll jj^jaJI (_jjULa Jjaa ^2 aa ■'' jj-iajj 
<_£.lJ L-L^lSLoiVI Jix* jl^La jA La .3.2°F j'^-aJ L) jllc. 660 (_$ jLmJ <Laaja. tLaJI ,j-a 

Jaa J ja.j ^Oc. (j^ajial .kcal/day J I j-lia <_jl jaJI Jatl oiA «.LuS j ^ .Ml 

.JaJa-aJI ^ sLall (j^i ^jl ja. 
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A t."\tA liljl (j^ajjal ■ ■ Jail Ig-Lo AilrLxi CJ^\-\a I (Jjlill Ajjiill 7.4 

(jj^jjjill !iL<utlui« L^jjSJj ojltlj (_5^>jjijll - . aa II s-L^acV JjAui ^aaJl] A.aA.Ll Aij^Ia 
Jill ojljaJI jl^Lo jA La .IaAia^j ' ■ lluij Aa uijVl j L£Lail J lill.la.1 (jjJ JjLuill 

L« J U80 K lie j^ij ^ (1.5 kg ^£ (> LpllJ 
AjjI^^JI AjujJI Lujij C CjjIj L.» i u AjjI^^aJI a*_uJI jLoij j| j^ll j 



_jill (_5jl_)^JI (_J j"'^ all JJ*J J'"- la ijj-o CijIj laj ■ Aic. AjjI^pJI At mil jLuij 8.4 

: 16-5.4 ALU-all Jja j SjjaJI a?.j.i J»j 
AH 



C(T)= lim 

p A r ->o AT 



: AT -> 0 LoAjt AjLjjll 



// J £jLill (jj^J 1 ajja Ajj_)^ ' " °* ' " (Jxxjjoij j . J_^-B (JUnall Jl 3 JJ u£ (jl C 

.(aJUII o^A J P jt 7 ) t> J&1 Jc. Ixaj*^ (aIUJI s^A J 

SJUal] J^iJI (JfijuLall j C" v lie. AjjI^aJI At mil jjjj A^jLuia AiCilc. A-aJ j 

I^-A cojlj^ll A^.j.2 A-baulL) [7 Ajtjill 2jLkU 

lis Lu all j_£jl^iJ! (_jjia_a]| (j-"J 'AjjIjaJI AjujJI jjjijjajll (JJ^A (j-o 

Jliall jUIl c^lii a1^ jUi C v j t J— iB 

.(_J_)i.Vl Ajjj^jj^all Clljjiiall j 

a^.jj cjIjjxj (jc. AL^aiio jill (_5jljaJI s y~~ L - ^jd" CjILc.1 4i_ilj£ll 11a J 9.4 

. )-it ■ <ill j ojl_)^JI 

Cllljjij Jl aaj JLia t : S £ '_^' LSj'^)^' LSj'" t — ^j5"^ 1 ° ■ Ajjlx^i ' ■ u£l (1^ 

laa i all j Sjl^aJI A^jJ ^^i 
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(>« 5.0 L/min jja-uu] ^jl^p. J^Llo lilJI l-iIIsj ^Ij=>- '.u.'^ 1 cJ- 4 *^ ^ 10.4 
.ylj s.Lo jj-a aJJ ojl^^JI (Jiij 37 °C ^gj^- 4°C (y jl jaimLi ^»j]I 

AlaK J j t 1.0cal/(g -° C) i$ jl-i J Alslj ^ 4jC jJI AjjI j=JI 4*J Ji q^iJAj (1) 

.cal/min — j <Jaj JIm jjS d.0g/mL ^jL-uj AlAii 

AjMjJaJ Sjlja. jOaj <50°C c-LoJI (j^a j^J AjjIjjjVI SjljaJI 4j?.JJ <_£ jL^j * 

jaJI AjLaxll s-liil JJJjl «Lall liljJJ (_sl c«Lail (_>ia 

.CjIcLlu 3 AiaJ^aJI AjlaaJI (jjt* h*i • 

JaliaJ <Jaj ^ 40°C QjJ La J) 4jjl$jl1 c-Lail ojl ja. 4^.jJ (j^qVn VI i . la-l • 

.SjljaJI (Jail jiiiLa <_£jl ja. Jc 

iaja all sjl j^i] (JjLu -la. jJ V laSi c-Lall j j»j]l (jjj ojl^sJI (Jtaljl (JjuaaJ • 

CllLu^ajj ^jS yijl^r- J ~< a • aoll jiVi (Ja (dl) 

!>LjLui s-La jlfraJI (JjlluiJ .(jiiJj-o (Jala AijxJ jIjaIuAj (J-a*J ji-la ,->7»'> JjAaJ AJJJ dlil 11.4 

IjLij -Jjjj tlatm (_j jLuy Kir . Aic 20°C 4jjIj=. <_sjLuij 

jl£ lit jlfrai <aLkll 4j ^JSJ jS i ■ ^ill J&xJI jA La . 0.7 g/mill (J^aJ 

' 2256.9 kJ/kg pL»13 ajjL«^1I jj^I t^jL^ .Aiall J 100 L5jL-y ojjjj-a 

. leal/ (g -° C) ajc jill ajjI j^JI (_j jLuj j 

20 J^-j ^JJ i « lit Aijjiaj (_5jLuijj t5°Cs-lj^ll ^-?-J J lSjLjiJ i_sJ^ j»JJ 12.4 

(j^i (iljiJI S-Lall (j«o LaljC. 0.001 (_5jLuy Ajjlajll (j-a (_Jjii-all) <lall J 
(j* dlLal jC. 7 (Jin-aj s-IjA (j^aLJI l— S3 j^i lie. j^-"''J (j aa alaJl tlj^JI 

- 1 "-^ II ojl ja. A-?.J^ Ait ^LalLi U fljA J^jll J ^ jiajj AAiaJI J ' aLaJI s.1 j^JI 
.1.05j/(g-°C) UUSi *lj«Jl AjJ jaJ A*^l ^jL^j .^Ij (^j^ Jai.Jaj (37°C) 
• kcal/hr J I J^ia j..«Vttl Aj-aC. ^ SjljaJI ^Lu^a Jin-a JJ2 
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fLui .nil .Jjjj .i—tiikuVI Sjlja. c> 77kcal/hr (_>Aa. u<^\ ■* Jjj 13.4 

< ^_pUI (j^aaJJI IjA jjau JjLo ja La .650kcal/hr <&LJI ,J I^Llo 5.3 

s I 

Aa,jJ (jl (jJajjal ? ( _ s jj1«]I j Qii jla II "'B (jjj S.J jiall <iUall JjS J* 1 - ;"' (J^Jy 

• 30 °C (jj^i el j$JI S jl ja. 4a. JJ jl j 33 °C t^jlj^J ^iaJl S jl ja. 

(j^a Lol JC. 25 1 g *'■" 1 °^"VJ '(» J^l ' " '1 j CaMj iajoijlxJI jj jJUjj (J jljii 14.4 

.till jJjA jj-a Lal_)C. 80j C(jjA-i]l jj-o Lol jC- 35j C(jJJj^)JI 

?Aj^j]1 CjUa. jll J^La. j> LlojJ jJUjj l^Sjllu ^1 AiUall JSL> jA la (!) 
dlLa. _jll (j^i 1 » ; ■ aJ^J ^^jII AiUall ^ua Jj-)^ ^J'^U (ItiJ^ J-^JJ ^^^(m) 
eljjl jJllljjj jiJJia. (j^i ClljJjaJI AJljj Jtla-o (jt 25.4 Jajujll ^ ^'i-s'iall JJ*JJ 
(jj^ojll AjL^aa. (j^i < - jl i all (jjj-iill e_^a j i aJ (jl Uaj <c.Llu j»£ . (jjjliillj 4-ol-i3 
aj (j^-oJ jJl ^IjJ^jaJl aa (jjja. (Ja.1 ^j-a i j-JUjj 4j ^jis <_S^il 

JjjjoII j 4_Laaj]l (_5jjJa eljjl ^joiaJl (j-a ojl^)aJI 

0<t <0.25 hr 



JIM 



- = -5600(?-0.25) 2 + 350 
= -1400(*-;c) + 350 x <* <* +0.25 hr 




0.25 




43UJI :25.4 JiiJI 



(hr) o-J» 



x x + 0.25 . jj jxjII eLul jja-aJI 
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:26.4 JiAS 



2 a^Jaxall - a-l=>. 



OjSj (26.4 JLill) C0 2 u^J^ 1 AS"^ ^ i> cs^ ^W^ 1 15.4 

.(jj*-o (jpJ^ Cc0 2 D UJO^ •^""^ <_sr^ .As T'o » J J 2 ^' ^s. J J W 3 

Luj aJj l4_LJaLa II (j"> a ^Lj^)^ (jLa i u 4Jaml _jj ojl_)^JI <j .^■v'lti (_£^ajj 

\j ■ tJ-j^ (jj 3 -^ c? 3 -^-«-*^ LSJ^i (J-^J^ 3 ' * ^ ""** ^ UJ^J^ 'J ' cs"^ 
Ij > .i^l j^C- l^jlj -1 <u all (jl ^1 cjpltlj ^Laj-a <jaml (j_jjj£]l 
(j^i jUJI £laJ 'C co L O^*"" ^ UJ^ ^ CS^i 0 ji^J^ ij **"*'*' '" Lo^jc- AjjJaLaJI (JiAl 
(jlj.la. (jl j»C.JJ -CpQ y ^ n» « 4jJC (j^i ( _ s ic.l ojj£jJ ^ Uf-n La-ljc 4 u^-il'.ll (Jji.^ 
J J-lSj (J-ix-aJ iaja all ^Jl l_1_>jjjjj ojl_)^JI (jU < 1 jt. .<< IjJa. Ajjjx^i A ' i ial a II 

• e L (kcal/hr) 

<Uj^»_a ^»l 4 ala *i ^»l Ai.jjLa 4_a jlalall ai* (J& iA -j^'-^ 4 j ■ '— I a II (jl (j^al jjsIj (I) 

.AjL^/I (Jit ?UU *i -I ail (jj^J 1 ttjja 

(Jlc. ?L^jji« ^Laj-all (j_J^J I ajja <lj_3«-o j»l 4jlli-a j»l A^jjia 2 (J& (^-l) 

.ajUVI 

l lluuj "Lajlalall .Sjl^)^]! (j-a AAajJI "Lajliiall dlUUala l^J j-iij ^^jll 4j3j£]I ' Lj^a (dlj 
(jj£j LaAic (^gja 4 ' ■ '— 1 a II qa (j_jjj£ll ^u.i^l (_jj^ M^^J ^ J 'LJ-aJ (J^ilc-VI 3 " 
Au^Ull ^ jlill LS ^ji\ (jSlill Jjb«-a (jj£j c^JUJ oiA ^ .lik-a (_jUI 

:<UaaSL>) .Sxa]l sIa J jL lalLa ^jiy Aj^aUJI (jl (>ajial .m co (g/hr) 
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.0^)l^)^JI 4-a jlVi all 

Ajjja II 3 ■ a j| ajUuLl s-ljJ ^'u^-i (_J A-uV \; ■ dllcli^a CjjjS 16.4 

laJ ■ " j\\ IjlA J J "*•*',' ij'l Cj| jJaiJI ^ Alujiu: ^ j' iaaJI Ijija <LuiAig_« 

ju!il B >J -k^j (jJJ A 111- jll Jjj^ (27.4 JLill) ajJ jaJI cj UlkU l t -L^I 

a jljLo Laa^ i 1_1C. jlui) JfclLa JIaxjjJj I jl J£bJ 

5°C ^ 4. 0 L/min 
A J=l^jII (> 2.0 mol/L 




_25°C 



A .k^ jJI (> 0.1 mol/L 



£1—1 c>U- :27.4 JiJkfl 



IAjjVI CjLo jLt_a]l ^ j_>iLaU ^ jail ^»C^]I <C j"-^- a ujj j 

.4.0 L/min ^ jL^j jU 5 ci^ 2 • 
.1 atm j 25°C Jje JcliJI J*»j • 
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. leal/ (g *° C) (^jLuii j aHjIj gjUll j Jclilttll jUiJ <jc. jill ajj! j^JI A» ^11 • 
• 2.0 g/cm c5 jLiij ajjIj jjUII j JclilaJI csjLij 4iL& • 

Ala^o AjjjLj _jj (jjaj £-a B iaJjoijll (j^i (jJ j-a A la.lui_all (j^i .la.l_j]l (Jj^ll ^ Lm-j • 

B JaJjoijll (j-o i}y 2 < — A iaJ > .1 j]l (j^i (_3_j-a 1 
(JcLLJ! (Ja.,1; I aija ."LuiajjLJI i_jjjJall (j^.^i AjjLjj A laj i jll (Jcliu J - aJ V • 

. Jtlij jjj 0.10 mol/L tA Jajiu jll j> 2.0 mol/L 

.-2050 kJ/mol jLuij A ia^ jlJ ajjLjxJI uij^ill »J • 

.-1560 kJ/mol c5 jLaij B -ku* jll ajjLjxJI jjjSill «J ja. • 

•540 g/mol j 1080 g/mol j^j^ B j A 0^=^ j& jUlj jaJI jlijjll • 

. JjaJI »aa.!a (JclLaJI • 
.ialj 10 JauaJ <La jk'-H <j XaC. iailaJI (JijJ • 
SjljaJ 4a. jj .Ajc. Aaxi Lplljl jl (Jc-liall Jl ajljaJI AsL^I Jix-o ijm*>l 

<JjlkJI 

Jjialia Jc. (JxiuiiJ AjC-Ij^I iillLaC-1 i a jJ JJ>& (_&*-a «ljlC. J -^4 17.4 

L-ljil (jl j (1.1a. la (_5 j'u.ill jl U A/l (_fc*-a (jl ' j IV-jj^ Clul j I JJa.1 I " li u£al 

(jl (jjiUll liljfkjj .ULac. aJc jLucVI (j^-«j l-ia. jjju liilcjj^ (Jl 

jjij lilj 4(_pajVI gJajm Claj Ijia 35 _ 25 ' jljJ Ailalall ,j Aj3 jaJI oLvall (J-aC. 

2UL^ lilj .1.0 m/s 

jl (_±aj ^1 jl Ar-Ual^VI La t0.05 HI iS jLuU Jf 5 ^ t^^J 3 ^' ^aaJI 

.(_5jUJI jl tij Jal jj\;<ll; I jiLa liLI ja. Jatl ?4jk^a-all Uj3 _jj 

LiL-aa. 50 jl 25 jl 10 j 5 <_£jLuii o.Ha-a ClllcUaluiLi dlla-i iaall t-\ j£i (ja^j^CllJ 

?U jliaJ i_a jjj (Jill Sj^all jl Sr.l kLmVI La .Ljjlaj 

iaJ 1 aJ (_jill ^ a la&V I (jxaJI jA La . 4 L nil (j-a J- ail] Ujj jlJI ^ sLall (J-aC. jjajj^CllJ 
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(_palja.l ^ (_pa j' II J (jj_>^3^ ' "J jj ^J'J' jj-a AjjLall dllA jTlall jl'n'l 18.4 

^Lo j Win ^lijjl ^lijj .4-uLJI CiI lail (j-o A a ^1 jj! (jV jj^lj ^Ij^Vl 

100 AJ jL ^JLlj j.IVi <Jt ^lala j 70 oj-ia jljajl LaJa 75 

. j *,\\ As\r. Ualijj ^& 

f^SaVl ^laLJI AjIaj AjIjS S jaJ 150 l£ 4 ^ i & g .* 
jal^al 5 <t_>jai ^gJa. AjjJail] J}]^" 4 ^ J^** 1 - uill ^^ic <JjlJ i ■ la-j (Jxxll jl^Lo jA Lo 

? <# SaVl ^iaLall aJl^i ^a 4jjl!ill ^a 

Jji.J ajU 28500km/hr tiljU lila .Jaj^il UjulU aILLu 

^Lj ?sj ja. Jioi (^Jc. AxjLjall AaLkll JjLo ja Ua 4e j^Ux Ja j^JI (JjS 370km/hr j 
Jii Ajjlix, 3L1.1S1I AaUJ! jkll! (jl ^ Jial <_afl 90 <4 jUI <i£ 

jj^jj j < - 1 aa jl ^4 lilaJI AiUal Liijj I j.li^a ATP (jjjjj-iVI djliai j3 t5 J^J JJJ*J 20.4 

ATP + H 2 0 □ ADP+ P ; 

<-oj!>UI JcUjII Sjlja. Uu^l cl2.4 Jj-^?JI eUastall Aj^j-aliiJj-ajjll CjLjLull jLaJtlj 

.ADP — SI oiJti 

Jc-lilllj i _iL*a (leucylglycine) jj..nlirlu,i i . u^jpi AjjLi*-a]l Jclaill Sjlj^. j'^a 21.4 
leucine^) + glycine^) —> leucylglycine (s )+H 2 0(/) 

• 13.4 Jj^=JI ^ oUax^i AjjIjxJI jJjSill l-lljja. 
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.3 jiuil! cj^clii ^ ^1 J J* =12.4 JjJaJI 



"* AH° f (kJ/mol) 




-2981.79 


ATP oJjjjjVl ja 


-286.65 




-2000.19 


ADP jjjjjjVl jji^ ja 


-1299.13 





Alberty RA and Goldberg RN, 'Standard i(> '■L^L* CjULJI * 

Thermodynamic formation properties for Adenosine 5 -triphosphate series", 
Biochemistry 1992, 31:10610-15. 



A//°(kcal/mol) 




-154.16 




-128.46 




-205.6 




-68.317 





IjLjjjJI (jljla-V (Jcliill ojlja. tj.n^l 22.4 

C 3 H 8 (g) + 50 2 (g)^3C0 2 (s) + 4H 2 0(/) 
J] ?C 2 H 6 0 JjU Jj^VI t> Jj- jiaJ sj JjL> ja L 23.4 

2450 Ujliu 4lLL Cjjjaj <U| (jJll (jiaxa. (jx a jji > ,-1 <jjc (jja. *L£i1 Jaa^j 24.4 
Ijj^j-a (jJll (j^i ^ *L>^ (J^*!'"^ ojl^a. t ■ .(Jj^jL£ 
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.cA^jji Jeli- J (CH 177 O 049 N 0 24 Ai^l 1^1) 

ja 5kg/hr (^jL^s Jjx^j JcliJI Jl JaJJ glycerol (C 3 H 8 0 3 ) Jj>-yliJI j 

(JclLall t_i jjia Jc. LaUaij jl ja'imlj (Jcliiill gjl _jj Jl JJ j 11a ail (Jcliiall 

glycerol + NH 3 + 0 2 -> E.co/i + C0 2 + H 2 0 

4jjlja. <a.jJ s-liV (_£jJaJI (JtlLall qa 1 frj3l jl ' ■ laj (jll SjljaJI jl^La jA La 
(jjiiUll Aauij t— 22.83kj/g ^Jjljaij J j£ UAjjjjLuVI (jjljia.1 ojlja. (jl (jiijjal 

ojl^a. A\a.jJ (j^aiaj jijl <La_pUI (_£jljaJI (_g j^a *ill Clljjij (jl (j^ajjal .0.44 (_£jLjjj 

. A// ° S 4_u^Li Ala$_<i ClL£ jJI 

(saccharomyces j^JI jlaa ijj-aa. JLaxj^Li I jj^j LieUi^ J ^li^l ^Lul t.ilkn 26.4 
<iljl (ji. jial . CH 183 O 056 N 017 s jj-*»J °^§J ajjx^u*JI <i^l j tcerevisiae) 
0.25 Ail^V iakaij 1 25° C ^ CjUaj JtC^HgO J j^yi <r^ 

(Jtlioll (jjiajl ojj-aaJI Jl jjSjlxll (j-a o^jiJ 5.0j Luj^iVl (j-a 

: JYI oJ i^l 

C 6 H 12 O e (s ) + NH 3 (g ) -> C 3 H 8 0 3 (/ ) + C 2 H 6 0(/ ) 
+ CH 1 83 O 056 N 017 (5 ) + C0 2 (g ) + H 2 0(/ ) 

Jl lu^Vl <JjoU (jlj (JjjinjUll (j^i 0.5 jj£ _jliil (j-o l.la.j V j-a (jl iaa.V 

f J ' jj^jl*jl (j* I Ai^-a t LbJaJ 4 j^Jaaaj l f.Lulj .1:1 (_£jLij pLall 
c(JaVl Je AjiJI Cl^lilaJI .laj ^Nj'-I) Jolijll (JLojSI .Ijuj .JtlLJI (jj*^ AxjtLo 
(j^j dlajj Jill ojl^)aJI jl^Lo jA Lo .dljjSj Jfi (J _jj\jjVI (j^i 0^>jJ 1.4 (jl ' LuiiaJ 

,A i ia j |_jjl]l jj^ _jixJI jl-lLo jA La ?<La_jIiLa]l (j^i dlLjl aJ 
. — 21.2kj/g iS jL^ij S JJ-aaJI (jljja.1 sjlja. ji (j^ajjal 

sjxJI J (monosaccharide) jjjLuJI CjIoUJ Jl (lactose) jj^UI liKaL 27.4 

: JVI Jtlaill 3iauil 

lactose +H 2 0 — > glucose + galactose 

Jjjaall li^J AjjUx^II Jclaiill ojlja. L-luia.1 (I) 

V jjill 0 AiJH\ J VI .(lactase) jl^UI ^jiL sie ^LJI JtLilll >4( M ) 

(j^i I (jjljlijj Laiia. (jjjkiaj-ajj jUS>UI ^tljl (jjatjJalmJ V jjj^iUI (jjlaaJJ 
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cAjs-US jLlkV j . jjj£}UI JuaaJ ojLijl 1-^?. L^lc. Cjj^Ja liljl (j^ajjal . jjj£M]l 
(Jc-lixJI ^gJJ s-Lall ^ i_j|ia]| jjj£}UI (Jk.ll (JtlLa ^ji al£L>-a s-lja.1 JJ^J 

jjc. jjj£!iUlj fLal\ LaAj tjcliill UjU JIjjj .AiLibJI (J Jjc 100 

_aa.j-a gjl ' " ^ *" ^ *"*' (j"" (j' (J^JJ^I .4-uiij (JSat-aJL j- <ag all 

125 Ujl^lo ijja. JcU-all ^ CiLjl lili .(1 atm j 25°C) \g i_ajjiJI 

?j^Lij 

^jjlii ATP clwjj^' djliuiji tjj^j (j-o Jj-a Jjaj j!p4 'jLaijyi ^uia. 28.4 
l>° J cJ^ <JA**j •'jjj^j-^ 7.3 jaj ^jjLaij aILL ADP cAiui _$a 

S jj ^ all AiUall A ud'i La .ATP SI (j-a Vj^i 38 Cijfi^i ' f ' ^ <£lfrluiJ jj£ jiill 

?«.La]l j jj^jj^ll 1 j > a£l jj^ jlall - ■ aa II liKii \ aija ojl^)a. 

j! ^.la. j JS^I JjTjku.n V jjill ^JLLaJI is ^J* Ajjjll Jjjjla <> *liiJI ^jiaJtJ 29.4 

CllljJuA _JJJ^I (j-a Ijjl jla Vjla-a ojlc. p 1.1x11 (jj-^L9 •'t-L^^W 4j.1xj]I (jj^aaJJ V ^JjjiJI 
Ijjj i28.4 "ULobaJI el Lu all CllLa_ji»-a]l (JLaxluAj . Olilaljjill j ' "'I JJ.'^ J (jjA-llI j 

jj£ _jlx]l (j^i l^iVI jl^Lall jA La t$.l.lx]l (J jla_a ^ Ija, jll (Jj^aII jjS jlxll 

?1650 kcal/day Ji»-aj 4_ijlja. 4iLL> aJjjI Lvajj f>lil 

ylj (j^a ja. oXa <J^jll Ajal ja. AjLaC (j^i (jjSlajj (jjill ^^.JajAll ojlc. ^ » *aib 30.4 

T oo j 1^j2 L_ljC.^aJI (_pa_a^JI c-La ojl^)^ ^-^jJ J a ^''*- a (J^A^j ejltl (jjjLaJ (jj-^JJ j»*J 
(_JjLjjJ (_^a_aaJI ^-N-s j tl8 C jLoj -^jLJI eLalt sjl^j^ A^jJlj t 55 C (_5jLu£i 
\ Ajc-Uajjoil iil^)^_a '^j'— jaJI ^jja i ullj i'Kj^ ^ Aj^itj jt a JJ i ^ ^j^ajj .10 000 L 

IjVjJ 233 JAia ^Ijjl^ 500 ajcLLIjI dlj^j ^jJI ^ jVj^ 400 _j i^ljU^ 

(Jlidjl <a.A«j (j^^ijj .L-ajJ IjVjJ 30 (Jjlia lal jjLS 10 AjtUaluil lil^a aj 'jajJI ^ 

:Ajjl*-aHj s.1 j^JIj (_pajaJI jjjj sjl jaJI 

2=M(T air -r pool ) 

^Jajj <a.Loi-a A j 1 2 W/ (m 2 ■ K) ^jLjjj ^jl jaJI Jill! J^lx^i ja oj tlya. 

21°C <_SjLjjj AojIj T air «lj^JI »jlja. <^>.J^ (jl (_H=JJ2l .12m 2 ,_5jLjijj (_pajaJI 

.^j^JI 5.LJI s J ja. ^ r pool .l-iia. (j^J 2 ^' u' j- 1 ?- l)j 
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?55°C J± 18°C t> ^mi.il o^j^JI J] l^laj ^1 sj jaJI JjL, ja La (I) 

La . (JjaIjII S-jIcI aj *■>■»■ e-JJ (Jjii (j^ajaJI jjja-uii] JJ^YI ^^ic (j!>Lal£ (jLajJ iilj.iJ 
'i-lall La it_£ji.\ Cllljljaj ?4-a^-all s^J i aJal (_£ j.ja. "CiMjll <"<Kj-». all jj£l jA 
j^l'iin* i all (jl j£j£j ?Ljia AiKj La j ( lil^a a JS Ljjj J*M > n j i a (^^jll 

•iS^Ji (>>Lj 

• 35°C (jj-J La Jl Ajjlja. <a.j.j Ljj3 (j^aiajj "ULa. ^uiaJl ojlja -i=_»JA 31.4 

4jjI ja. 4a. JJ M^J ojlfc Sjl jaJI Ja _jjA (j^i (_ji3l (j ci^ i nil ^Ixjj 

.ajjjjj JjI j 43°C <_s jLuij 
J jIjjjj t37°C^jc 1850kcal/day g^LJil s J jaJ jrLul Jti*^ ^jLuii (I) 



(jjjLo (jjj ojl_)aJI Aj3 jJ (Jia-o yf.\ ^j^ajj 33° C tlll^ CiMjj Jcl 

La tljjjij eLal] Jill lillj (_£ jLjjj - ■ aa 13 AjjI^aJI AjuoJI (jl (_paljj2lj LlJaa (JJJa j 

?^a.jla. (jji-uij (jjj - ■ aa II 4j3.jj1 <La __plll oiaJI 

I 

^Lul <JaA| lit j»JI Jl pl_a^l ajlcV <La_pUI AjJyjjll JjI _jjJI jljLo jA La (i_j) 
tLujij Clll jill 5 |_5 jLuy - 1 aa II ,j J^ll -^-^^ (jl 4i_)*-aJ V^^jjjLjjVI ojl^)aJI 

? - 1 aa 13 Aj3Jj AjjAj (jj£jl 4AiJal| oAft "Lae^La (_£-la La 

2jjljaJI $1 jgJI Ajtjji lili .AijaJI J <-^lj^?l 6 jaj ^^liiill J!jx-a ^jLuj^lIi) 

eiall LaS i 29.1j/(mol ° C) LjjLoi lia£J (_£All ojljaJ ClL>jJ (JLa-a (j^jJa 
L_llaj3l el jgJI jA Aja.jil Sjl jaJI jlS lil fjmaJI SjlcV ^a JpUl 

?ylJI 

V ^iU L_ljajll el j^JI j AjiWI AjAijjII (JjI _y-Jt ji ^LL>I ji^ J\ L-la-i(dj) 

Ajj-a3l jjlxiaj I *g jSJ c4jjl^)a. (j^aiajj (fiill (j^aajjJI Aj3J1j I la jaXa IjjA (jlj^jJ 
IjJjj l ^j.ioYill eljjl ojl^)a. - 1 aa II Aai-i t(J\j-a]l (JjJjlu ( _ s J^ .Sjl^jaJI (_paliajl (jx 
AaJU-aJI Lai .j^nll ^Ull SjljaJI jl^aa ^jiajll yUl el j$JI JLaajjoil 

(j«a_aj_aaJI Aji.j ( _ s it <-a^-a c^iUI l_lJaj]l elj^-Slj AjsUI AjJjjjII (Jjl_ajjJL 

AaJla ail ojlA ' ■ lllaJJ j ■ ■ JSII j ^La^ll l^Laj <-a^all r I ■ «a&5l S o^jlj]l o^jjjll ejJ 
<ijjia ^jpSI .'LajiLa dll jj^aj £-a Lula (jjlAj^i (J^la ujj jl elflal (J>a Ul^juil ojlx. 
cAjjIc^)] ^^Ajujjjoba jl (Ja^-o (j-aajui 4-aJ (jSj lij AjJ^a. (j^aSaJj jj-aa^i Aj3Jj1 

.LjjUla j AijjJall LI j-a j£jl j 
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Aaii-a Uial jj lij SjLijJI J jja. j j tdji (>a ■ '*,'■ ~ J£ 32.4 

(j— ' nl o^jljnill Jklj ^ 3 ■ (jl (j^—J jj t Ja*il ^jc. L_fi3jj— pi ^agJI * a j 

(jLaijVI jljli.VI (J - ^a^J •LSjl^)^ cllj— II jl jljia.VI (_£JjJ [j'J '^J^^ 

ojl^j^ (J^aJ l—Aic 

I — J (jLoj^l ^jjia. Jj etj$J1 (>a Q 

e=^A(T air -r body ) 

J t^J£ 13 (_£jLuil 4(Jiia Jjj^aj (Jj5 ^jjJa-oJ <5j5j ^ tl-JJjiill Jc (I) 

(jiiflnxi ^jj ^J 4 al» a ojLjjoi jj tllj— llj Jj Ajjoi— AjIaj 

: JVI <ji1 Jjalj 

• 65° C Jj Lul ejLuJ Jib pi jgJI a jl ja. <a.jJ *ijjJ • 
. 37°C (j^ .ffl 4jjI.JjjY1 "a J jaJI 4a. J J • 

• 0.70lTl 2 ^jLuij ijilall ^nr> "LaLuia • 

. 3.6kj/(kg ° C) Lyj£ ls jL-a ajJ jail j^Y 1 • 

.(jjatii V JiUI • 

. 15 W/(m 2 -° C) ft c?J jaJ J-l*- • 

<— jaia ^JajLU <La.Lui— j ^Ja 80 L) <a ^ "ULui— II Ja. Jtl (s-l) 

. 2.0 m 2 

liLI _»a. *i] (jjl .[2] Lijl^^ JaJa til j— 1 <U jS*- AijSJ 15 j 10 (JJJ oAall ji'ii'i (ill) 
(ja-j i SJa . JjjLuJI ^ j j— ill ' a*jJa JalLi j'-" ' ja jl ? JJ &31 1 1ft (j- L_l j> oa all 
?^j,„^ SXaJI J Jjjj C) ^^J-aj^l J Ja.Jj dll iLuiall 

Jj L-iUilLi 5 jl^iaj 1 g . olijj J L_ic.jjj c^JS 75 1 s'lVft jJLi alj-l jl (j^ajial 33.4 

Lj jLull W aAa La t^Lal 6 Jl jJa ^JJ lj jLJI Jj L_lUill tljjjS I jj (I) 

?Aj3 l_1 jC-^all (_jjSaj3 AjjjjjJall Aj-a jJI 

^a'"' 1 ' 2000kcal/day c?j^ si j-ll ^ sj^li^VI Jj*- • 

. 2300kcal/day 
.^SLkll (j- lkcaljjAjll (j- Laljc. 9.3 ^&jJ j!p4 • 
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.9jl j^JI JjAiSJI jaJI J 4T.LJI <j& JjJ J^aJ Uje si j-all jjij • 

. 1 .5 HI 2 (S jLuii l-i jj&xill Si j-all ^li. • 
(jjj ^Jjj 4jLaj ■ J UjLJI CjI jl.il ^- ■ ajj jjaxl\ A^. j t5 it ?(JjLt-a liLI ja. Ja (i_j) 

fliU .ttjb 15j 10 

AjIc (jj£lui La L- ImaJ .90°C ^'^ (J' aj (jl IjjLoill isjlja. (ji/ij^Lll) 

.(I) J 1 g'nurs ^jjll SAaII Jaj slj-all Sjlja. 

. 12W/(m 2 ■ K) i$ jl^y aJI J] si j$JI <> t^Jj^l JSill J-l*- jl u^Jial • 

.eLall jll lilli (_^jLuij AjjIjaJI - 1 Ajuj (jl (j^ajpil • 

jjc. «UI (j-o JiA 100 J L_illaJI ^tLJI (j* jJ£ 13 (jit ^ Jl^ ^ojj tSL^l (jl (>ajjal 34.4 
Uaj *La aJI t 111 4 0.030kg/Lo jj^jj g ."^l J jU all jj^oj J s^-Jj j 4 15°C 

.4 mflj jtla-alL <ia UaXa V jla a (JjJJ J 5.0L/mill j!l*-aj jl ja'u.ilj 
4_iLac. Ujj j«J l aj ^^jll oXallj ^jiJI jIjj J ^iall jj^JJ (jJJ -i»JJJ "Ujl*-a ^jaojj (I) 
(jl (_pajjal ?(_! jIIxaII ^lLJI JJ^JJ Jl (Jjj^ajll Ja. ^ Jaijj oAaII La . JjAaiJI 

.2LLJI *L£I (jl jjijj V Jj* jJI J *La]| Si-all 

I jj£jjll Jc AjjIjaJI ,_aXall jjjla all Ajtjoi .1«jaj(i_j) 

C p = 0.996 -1.17 xlO" 1 5 

(_£ jLai S t!/l!La .[3] L_llXai] Ajjjjll 4 u.i'lll (j^i oj^i 1000 S ^a. _»LJI (jj t - n^. 

2jjljaJ Ar.uW 9.1a. j Lai .4laJI J 8 J jla J J Jtiall 4jjjjll 4 unill jl£ lil 80 

J 21.^-a jlLJI <1& J 5 a^. jlaJI e_iL^. jja. (j^Jiij V . kcal/(kg -° C) 

.Jill JjkJI 

j jjj AjI^JI J LLkjoi (Jijoij liljlj 25° C (_5jLjj jjl _jll jLjill Sjl (jl (j^ajilal 

(j^i a JJC. jl t_A>ljLa (JLutLojlj .ial j jL£ 2.5 jL^ij 9 jJ2 jl Sr. I U J i,„1 j (Jj^^JI 
.(j-a_^l] Lj^j a_aj (jAa^JI (JjLjJI SjI^)^ ^^J-^ ^ La ^ijl 

(j* jji .sjjU oli (jj£j jl ode45 j dsolve j diff ciiL>ajjji] jLaj 4t_i!>ljLa 

^LaJI j^JJ (j_J^ LaAic (JjLa^JI (j-ajJa (J jla all Sjl^ja. ^-^J^ liliLua La 

• 0.030kg/L 

jl jsj .<c (_>^i>a]l jjjjj (heat exhaustion) lsJ j^JI tdLpVI ^Lul J^aiaJI (> 35.4 

(_5jLuU 9 Ja3j i^la 1 (_J jLjjJ AjSLajoi) L-lL^a ^At-a (J-aj5 -^JJJJ ^ q uS i n a J l ■ Ufla 
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e=w.-r e ) 



A j c^mi Vill (j-a^jall ojl^ja. (_jA T c J ta-utaj ojl^a. <_jA 7^ (jj) '"ij^ 

(Jiiil (J-alx-a (_£jLuiJj t 30 C SI D^jl^)^ <a.^p (_£jLujJj . (_)jLaj]l ^Jajoi <a.Luia 
l-ili. J J=JI ^ill J-aAl . 10W/ (m 2 ■ K) (J^JJ^ll ^1=>. j O 3 ^' U£ ^ e ts*^' 

(jl j «30°C -lie AjjIj ( _ s iii .llaJI ojlj^. (jl (j^ajilal j i_al _aa.j 

(_£ jLuij 4jjl^)a. 4jUyii ^^Jt-all ( _^o j )all (j^alji. jj-a . JJXJJ (j^ajfill sjl^i. 

. 7800 kg/m 3 csjl^ Ailf&j 420 J/(kg ■ K) 

:1 *JbJ 

.27°C^J 

.Ai!>l! sj jaJl ^1 JjLJI ( m ) 

.(jx^B IxjIj 1 g L a _jj ^^x^JI (j^ajill ojl_)^ f-^J ( L ~ J ) 

:2 ^LaJ 

(j-ajall Ljj JIM i ii j (^jll aAaJI I— lma.1 i^La 5 ^"'^ ^.ia-all (j-ajill 4£Lajjj CllJjj lij 

• 27°C 

.^j^i^ii AjljIj l^ii-a^aj (j-a^jill ojl^)^ Aj^^p ( t ~" J ) 
.jj-a^ bjlj Aij^a jj ^jl^^JI (JjiLjj]| Jix-a ^jjijI 
.La^jlc (jlcj 1 4JLiJI (jj^jlill (jjjj^ialL) (jjjja Lall (jjli 
oi& (JJfiaJ LSJ?' I *■ jj^ Sa J /i-*. «\\ (j£LLa]| ^yfc La cLilaxJI jJaill j (j^i 

:3 *JUfl 

Ajj^a-a AjjLa. jA j tL-lL^all ^JjlaII (j^ajall (Ja_a (J^J ^LJi ' alia a " ■ ^J^' 
^Ije. 100 <^le AjjUJI -(2 yiaJI gj ^1 tSlbS A^jLla jjjjjlLaj) i.la> 
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(j^ajj-all jAi-a _jJt UjJLjJa j (JjS JtlLa S-l"" 1 J 0 C Jia frLall £-0 J_>JJJ 4 frLall (j« 

AjjlaJI oJ_^a Aa.jJ (Jj-aJ Jia ^^jL^aaij Jill oAaII I— ljma.1 . Lljlja .4^ *i 
lillj _> I ji& jj£I frLall 4jjI jaJI Sjuoill jV 4-lj.}*-all AjjlaJI (Jjtli-« • 27°C 

.jjlx^ll jll 
.AiljJI SjjaJl Jill JjSJI <_u^I ( m ) 
^ 'J"' ^"'^ J "LLaia^ill ■ ■ lllILall j LI j^ll La t<jLutj| jUiiti j ^ ^Cl) 

• ( -> ' M (>> o jl jail JjIS ^1^3 jl jaLjL jjjuiaJI a jl ja. <a. j.1 ^ij jj JaaJI f.li 

36.4 

(Jjla jA La il&jjtj Ijla 11 j S-ljlJI (JjAj^VI (Ja« (JjLjijJ a i aa 11 (j« ojljaJI (JjJ ^ 1^ 
?41°C cSjLjJ Jill <ajall ajljall 4-?.jJ J) f ■ ^ (Jj^J (Jj3 (« ■ afljj Jill aioll 

sJjaJI ^LuJ '0.86kcal/(kg -° C) AjJjaJI jLuj^l a*jj ^jLu 

.Ll > jLS 70 ^1 Ai£ grjL^j 1 1750kcal/day ^L&l 

(Jja. JjJJ oJltlSj j (j-o <UVI l—ilbij .<Ua jjll £jj-al <UI Jt IjjAa liljlii-al J - aa 37.4 
(j« ojl jail (j-a!LaJ 4i jj*-a JJt Alajla. Jt frit jll (jlj.la. jjalij .tlljlj Jala, till ja-a 

.JLa^VI -20° C Jia. «.lc._a!l .iLaaJ C-iajj .AJajJI 
tLjUa. <SVI Jj*j£i I— laj (Jit oXall (jjjSiij V j JLaxioiVI ClLajlxj I jJaa cilfrliv^il j£l 
J jia i _iuiaj i_s jjoi lilji j AiUall Jaliail JjLji« Ja djii! t*liV I _aSISj VI I— ljl ^jjAala 
:AjjVI CjLL^al j-all Lj-jlt Jlaja 4^171 Ajlc jiali j .<Ja jJI Jj^ajl 4-ajMll sAxJI 
• 600cm 2 lAl^ajll frit jl AjlaUl ^Jajoll <aL^ • 

• /? = 0.025 j/(cm 2 ■ s -° C) jll c?J jail JSill J-l*- • 

.25 W :(<lall J 100 _£jl-y JjJ J*t) frit jll 4jjail ^aj^UI S jM J <cUaiu:VI • 

• 1 kg :frlt jll ^3 jj (_^ill Aia jjJI lajla jl jLa • 
J ja. j-all ' ; ula II j frit _all _jl jAa. ^jl^jaJI (JSill (Jj*x jLoy 

e=^A(T bowl -r mlk ) 

ajl^^a A\ajJ _j aiaj AjIAaII j-all (jl J jVI Ajx-alaJI tiilLaj J frlxaJ^ll ojj^ (j-o j£jjJj 
■4Ja_aJI JSj-a (jlj ' — 5 C ^Ja. (j^aiajj Xaajll ojl^ja. A\a.jJ (jl (j^ajjil .frLall Xaaj 
c4u.il i*i II o jl jJallj <Ja jj jjj-alj .!>LijUill jjIioloj j's.liII j jxj^^ll j ' ■ ula II Jt ^jpaj 

iibU- E jaiu.1 .AH f water =330kJ/kg oj^ -5°C .iaSa »UI 
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.AjK3I Jjt ni'ti SJU j ioUa*JI Cj| Jjilall <W^J 

jjLJI (j^j .24°C( : 5jlj^j aj jl j^. a^. jj «.Li (j^ 1000 Jc gjj^j-a <_sjj^j 38.4 

^..'Jfi ' U"' '"* 130 C ■iJC' ^i>"i« _jLaj (Jl > uLl sLall li& jjja i aJ 

IAJjIx^IIj cLJI jUJI (j- Sjl jaJ JlUjl Jtl*^ ^ k»Jj 

<2 = /i a (T steam -r water ) 

^jA A J tJSlI ojljaJI Jij (J-«l*-» jS> h J tojIjaJ Jliijl Jla-o jA Q £ua> 
Sjlja> A^jJ ^-A r water j t jUJI Sjlja. r steam j tSjjaJ Jij ^ku> <=,L^ 

<_Jflj (_i«U«-<i ^jjLolij c0.3rn 2 ( ji Sj_)^JI (Jaj ^Jajui <^Lui« ^jLuii .s-LJI 

.Lt. t> . ifiSJ *LJ ^-j^j ./z = 220kcal/(m 2 hr°C) sJjaJ 

4 i nt'a^ jT„'J(S ' U^J"^?^ "Sij'^)^' 4j«jJI (J-aAlj tAijlj AjjI^^JI eLall 4juj (jl (j^ajjal 

.(DoranPM, Bioprocess Engineering Principles, 1999 :<> 

Sjlj^JI g-j ■ .-ill (Jjliij . 0.9 HI 2 «l j$ll AjJajx-all g-jjg i-all ^ Vim <L^Lji« (_£ jLluj (I) 

sjJI ^ L. <20°C *lj*ll sjj* ^ c^l* lil =25kcal/(m 2 hr °C) 

?80°C^ f UI gpnnl A^j^UI 
?Vjjx-o ■ (jlS Ijj (jja-uiill J lAjj^ajij Jll oAxJI Lo(i_l) 




418 



QA dla.ja] ^aJ tojLaa. J £-^J -ij^J^-o jliia.1 M,?^ <J *jl J*-^ (J V AjjC dljja. 39.4 

'(28.4 (J'SmiII^ ojiilj,a ^ Ilia s-La (jJa_ja, ^J 4 la II (jjiilaxj A*Jj .IgJJaj (_)^l 

(jjoja, J dllljLa jll) 3 ','» SI l£jtj Ijji AijiJI (j^i i*>->l <\\ £^J£3 tjjjjja. J-^j (j^ 3 ^ 
.UjI j (JJjaJI jliil jl ^JUall jjjia. (j-o j .Aj jUall Je (^.lllai cLall 

Aj la-la all s-l _jgJlj ^ Ilia j| s-Lall (_^a ja. jjj <2 (_gjl jail Jjliill Jix-a Aa.JLaj jS^sJ 

lAiftl aLUJL 

e=*AA(T A -7' 1 ) 

t^gAilaJI s-Lall (jJa_ja, ojlja. 4ajJ T- j Sjlja. Aa.jJ 7^ A j) t" 

(_J jLuij .(_£jljaJI (Jiill ^Jajj AaLuia A J c^^iSJI <_£jljaJI (Jiill (J-olstx jA /l A J 

s-Lall (jJoja. J (_gjl jaJI JjAjjII ^Jajm <aLui« jA9jj ' 22 C s-l _j^JI ojl ja. A\a.jJ 

csJjaJI Jfcll <_LjL*-« lsjLuuj c500cm 2 _j cs-^M 
jjjLsj Jc ^JjlaJI *Lall (>aj»- jl£ . fc A = 0.030 cal/(cm 2 ■ min -° C) 

(J.l*-a Jaxjj 1 1 ■ iaj jliuiaJI J I -3 ilj £_5jljaJI Jjliill ja.1 1 ■ la j i^jjotJaj* 

:a!jLJ1 a^jLIo aLLiaj JjLuII I 1a 
e=*,A(T i -7' 1 ) 

Aja.jJ (_£jLuij j • lSjI jaJI (J^ill ^ A^Luia ^A A j t J^Luill (_£jl jaJI (Jiill (_LiL«-a jA 

c 200cm 2 — j sJjJI Jliijl <iUi« j!^j c22°C --j 1 -'- Ja^UJI s J ja. 
: J (j^jlal . /z s = 0. 1 cal/ (cm 2 ■ min -° C) t$ J j^l lS^I lW*- 

AjIaJI j-a ^IjC. 400j S-Lall qa ^IjC. 100 Jc i^JJaj jl£ ^JjlaJI pLaSI (J^aja. • 

.Aijill Cja.U3l jjlc. LaJjc 
.(J-a^-o A_« jJalai] ...jUii ia^^iLaJI AjjjJ (.jjll (J-«JI jl^La • 
.Aia^o (AjjjJI ^o) jljlk^l L_l jiiV AjKII AjjI jaJI AxaJI • 
lilaiJ! j! j t0°C La Jl Upjlja. Aa.jJ ^i2jJ LaJjc 1 aljj AjjaJI J (j^ajjil (I) 

V ^31 (JJjaJI jliiV Sy jfe -LftLpJI J^jj JJ^ Aijill Jl Jl j*Jjoi 

.Ujda. AjjaJI ' 

CllaLJI Jj c5°C ^jk La Jl Lpjlja. Aa.jJ ^JJJ LaJuC- ' aljJ Ajjxll jl (jJajaal (i_lj 

V Jll tJJjaJI jliuV ^jj-asll Siall jl? .^jaJI Jill cLpjl Jj3 Aijill Jl J j*j 
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jlij ojlja. jLaij .(29.4 (J^ Mill) ojjj^ jlij Aijiil Ijla j^a ja. (J-aaiuU 40.4 

JJC. JjJ^ll Axj £ jaj 10°C (^11 jUSlI A^jJ (j^aiklj j t90°C AjjIUj'VI SjjjjuJ 
^ Ijla II (j* 100 ^^ic. Ijla II j^aja. ^ jga-j j Ilia 11 j^a ja. (Jajj -^Jjij A»j>*j 

^^jII eAxJI La t(_£ji.l CjIjUxj ? Ijla H ; j^ajaJI JJjJJ 'i-llcl Ji«-o jA La .AjI^JI 
ejjjjinll jli^ "SU^^)^ AjljoJI (_£jLuii y j^ ' <_s^ ^ W^J*" 1 '"..' 

.1.0g/mL a^I^^jL^j <C p = 1.0cal/(g°C) 




jjiajoJI (_pa j*Jj i_j^3jkl\ <Uij Lj-ljjxi j^al jxll ,JJ Ijlj ij^ajil] jj- aaJill sljjl 41.4 

(jjjjjjill j^i <C. jit .a-all (jV I^A .AjjI ja. jLjjjlj L-lL aJ 4<UjjJa o-la SjLaJI 

Sjl jaJI ^Uj J ^lk^oJI jlu .(.\ jqW ^Jl sj jaJ3 gr*j^ 2 J-^' t> (neoprene) 
^UjjV jL^Lj jit _jj AJij c2j jiuJLi (jkjj tj^j-o (jc (hyperthermia) lajiJ 
.(heat stroke) (j^ <jj^=) j^' <j>^1I j ^jl jsJI lill^jyi La* iajLJI sjjaj 

jl jl jaaJj i_i*jJallj jLiiiil j c^l ^llj CIiIaIajVIj jj:Luia.yi j jlj!ill Labial jtl j^i j 
£j juill (juijj]l j j| ^ 3 i iajj 1 20 ( _ s ia. ' ■ llill j^;'' (Jix-o jLj jl j AavjJI L_S 

^^ill ojl jaJI (jl (j^aljaalj .^^Cjll (jljlSa j i_ajii£]| Jjjxjllj ^jqiaJI ojl ja. ^?.J^ ^li2jlj 

'. J ^ Ijju i-n^. all ^1 ^jqiaJI (j^i jjsj 

e=*,A(T b -7',) 



A j t laJai all «l j$ll ojl ja. 4-a.J.i <_jA 7^ j t^jaiaJI ojl ja. Aa.jJ 7^ (jl 

^jJ^ll (_£jljaJI (Jiill J*alx*a jA h e j c(^Jj-oll jiallj) - ■ II ^Jajui 4*>1 nm 
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Jixj» i)j itn (kg) ijjV^ (_>aljill 3Jj£ jl (J^IjjsIjj .( kcal/(m 2 -hr-° C) ) 
tjjLjZ AjJjaJ (j^l jiil ^juia. (j! j iM s (kcal/hr) t-^lii^VI 

a J ja. 4a. J.J lSJ*- 8 ^' (_>aljiJI (>aj*J aJU jJSSJ t_L£ L_L^> I C p (kcal/(kg ° C) 
.7^ ^\a.ja. 4-<y3 Jl 7^ ■■■ ' «■> II a jl ja. 4a. jj (_LwaJ (jl JjS 7 s 4 m *i 

c&b 42.4 

(j^aljjaLj .4a« Aj-all J 80 *LoJI (J^JJ ' 1000 (Jill (_£ jLuiJ A *y g, 1 '"' (j^-^ 3 AjJajjll 
lit. jSil <4.35kJ/(kg-K) ^ (,L. (jjj (j^l jl 4jjl jaj gAulill 4j*jJ (jl 
'0.5(jJ '0.1|iJ :4jjVI Ailia J ^Ji3l ff^ 2 , uy.lt AiLk iaAj LaAic gyjjull J J 

.3.0(J 

Sjau J tCiljiil 10 (.sjLuy ^ «->-s i^jiLji (^aAa.J jj^aj jL^a. t_i ■"***' » » j 43.4 
Jiaa-all .4°C <i J ja> c^jL^j Ja-j (cells hybridoma) 

(jl i ■ la-j i^laiyi «Aj (Jj3 .ialj 500 (Ji*AJ 1 ija ■ aJ __)3jJ AjjLj^S (jja i Ajjl JaJj 
I Ala. La. j-a iajaijll £ j-» ' . '>J J ' 36 C s-lc-jll j Jajoijll (j-a JS a jl ja. 4a. jj 
j-bttaall «lc j 4li£ (jl (j^aljjalj Jajm jl] <J/^I (jja*uull 4-oj!>UI eAall J^a. . (jja_uii]l 

(jl j C p = 0.20cal/(g-° C) cjjL-j 4jJ jaJI 41*^ J j <13 kg ^jLoj ^la-jll 

(_£ jLjjj 4jjI jail 4j»jj (jl j c8.0 kg i_$ jLuij (_£Ai-a]l Jajj j\\ 

Doran PM, Bioprocess Engineering Cy C p = 1.05cal/(g -° C) 

(Principles, 1999. 

cr(cm) csjLuu UjLa t i . ^'i j p(g/cm 3 ) l$jali& (^jLai Ajla. aj£ J jkil 44.4 

<_£jljaJI JSill J&a-a (jl (>ajjal .(30.4 JLill) ylj *La (J^aja. (J 4 >nUia 

:<]jIxJ1j ty laM jjlaJI aj£ Jl ^iU *U1I qa Q (cal/min) 
c(cal/(min-cm 2 )) ^a-L^I s^a.lj3 <^JjaJI J^l ja ^ dua. 

'aj£ ^Jajm Aa.1 i u ^ (^1^ s-Lallj bla 11 aj£ (jjj (jjiLiill Ailala <a.LuiA ^^A A (cm. 2 ) j 
laioaJj l}Ia II Jj$ (jl (_^l t (jjijLaJLa (_£jl^)aJI (Jiill (jl I ■ aj| (j^ajjilj (^ laa S (_^l J Ijla il 
.JjlaJI jl^-ail a jl ja. Jl AH f (cal/g) > JJj .Lajlj (^JjaJI l g K . 1ii 
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A}k »jS :30.4 Jl&l 



4(j\jj\j ^ j p (jl (j^ajjil .LljjjjJa e.iaJ jL\ ^LjjjS tluU (Clj t AH f J (j J 

.t =0 ^Jll J* r=R Jj 
■ r = 0.5R s^jc c?^l t> j^' '.'"'^l (m) 

SolJ i aJ Uija 4 ui ^ " J j£ 1 jiajjjjuaVI (j^i oAlAi. ■> Lj ■ a3 I JJ^.1 <JjjaJl Ajliill Clbaj 45.4 

L_iuil '"' a ^ t—l^^)^!! (jJJj_>JI IjlA ^Ijjj (jl ■iS J '-r^J- 0 f^-" (j^ J^W 

Lai .UjI jA jj^ jjjiijj] (jj^jjjjll IjAj a-a Lijj^iYI (J «1M i aJ .JjS LluojjjjoiVI j-aj 

u' • CHj 55 O 0 31 N 025 ^ Luj^. (_£ jJI jiijjjU <^UJI AAjLL-all 

P ljfc JS t> r ljfc 0.48 <CH 177 O 0 49 N 024 oli <J> WAu^l 

<Lxa]l ^ 20 (_JjLuila jj£_jliJI ^j-a liua ' . jjijj^JI Aj^tHjl Lai . jj£_jli]l ^j-a 

I^Lu^l AjLaC JAaj] AjjVI AJjlx^ll JLaxU (jLoJj .UMkll ^1 lillj (j-a Lujii 

C 6 H 12 0 6 (s )+a 0 2 (g )+b NU 3 (g ) -> 

c CH, 77 O 049 N 024 (s)+d C0 2 (s)+e H 2 0(/)+/ CH 155 O a31 N a25 (s) 

qa ajjj^JI <iHll (« jLoij . Jcliall Jllal ^jA / j e jdjCjbjdtj\ t^ya. 
2j^.Lul t^jLuuj .c = 3.46 mol/mol 111 t^ljc. 0.48 jjSjkll <> ^.1 jll p l j*J! 

Ijl] tLplaJj ^^lill lillj jj-a AlxJI ,j 20 ' jj^jlill ^jja ^jjj^ ' . (jJJ J^>JI 

. jjS jlxll (j^ Aa.ljll p ljill Ldia. i_j£j-a]l (jij jJjJI LaljC. 0.096 Aj^lajVI 
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lO.OL/hr, 25°C ' 
50.0g/LC 6 H 12 O 
NH, 



O, 




J^lic :31.4 JiAJI 

(JJJJ_)J ^^"V (J «*2 m « 

H 2 0 



tJjJ 100 (_£ jLuiJ Jlxill 4 (jlj cjlj^kulj Jxaj UjJa. A^ij jl (_>ajJ3l 

Jajj j ( _ s lt IjLu (jlj '(31.4 (J^joJI) Ijjjai (jijjjJI (J W<ut.n 

^ dlljpj] 10 (J^lx^iJ (JclLall ^ (jijJJ Lljj-aVI J jj£_jiiJI Ig-Lo 4 J l nl > ill dlj^i-a (j^i 
(j^ jl^Li ^jJI AaLial tjjSjlill (j^ 50 g/L ^jit <_£ jia.) Jajuijll jij 4<C.UJI 

(jjJadaJ ^^ill I u'inj^VI L£/Li. ( _ s ic- ^ jiJI jLu (_J joaj . *Lo]l ^ (jjl jla a cLjj j^Vl 

(jl (j^ajjal .25 C t_g jja ^ (JclLollj (J^^ll jIjj oj^i. <_J jL^Jj .JjSjlill 

(JtlLill (jlj t J,nfl <i klaJI ^ji (JjAiaJI (jjalLall JJC. (_U*JI jl-lLo (jlj ijjxll Ala. (JtlLall 

.ojiiuia "ULi. <jlj o^ij-iia sA« Al« (J-°*J 

?^>jpui Uj-Vi Jjl. ja l (!) 

I ■ i'vj^II (jjj jjJI ^tjj] (Ji*-« jA La (l_l) 
IAjjVI aLIxJIj jja ...<Vl -stNg*....! Jjxaj J&Uull ajl ja. iaJJ jLoJ 4j| (JUj (ill) 

A// r - -460 kJ/(molof 0 2 ) 
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?14.4 Jj^JI 

?25°C .Ait JtliJI sjj^. Aj^J-I tjit iiliaJ] ojljiJI 4J|J| jl 4°Lja\ (J^jui jA La (ill) 

A uj ^ * la o^jj^iwj t a > *-«V* ^ ^3 ^^ji^ji H (J«lLi,all (JJaalli 
lie (jAJ-ia (jlS La£ CJ iiJ <Lajdll (il _jLu (jl (jiljjal .<1a Igjll jj jl JcIIa!! ojl ji. 

Cll jii. QfA AcLoi Jaj (JtlLall ojl^p. ( _ S A La .'i jl^^aJI dlLi.jJ ^j-a J ^ all 

.LLa. ^jjjjj E 13 ^ ^i^ 1 Jtj^VI Oljlja. :14.4 JjJaJI 



A//; (kJ/mol) 


<j*jaj| 


-2805 


C 6 H 12 0 6 (5) 


-382.6 


NH 3 (g) 


-551 




-567 
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£UaJ - 5 



i^ul\ jaljaJ j yiljfeVl 1.5 

Ajal i all ^ Jaliajl aLU^i j Aja. j^ll j aJLJI AiaJiJI Ajjl j^i C^IAxm Q,'.'^** J 4Jj£ • 

.ajl.3 ,j aJSC. AjjjjaJ j cAjKII 5 ja uill labia j| j^i jLull <_j j^^i ^l^ajjoil • 

.A_ulsjg£ 2JLL .-'Ug*...* (Jill j J jj ,-jll j i^l i» II .JJ-laj j AjjIij$£1I <SUall t-ijJ*J • 

Alia ^^Jc AAuJaij j AjjLi^SII SSI Ull Ajjlj^i Ajjbt-a Ajj] jill i_a _jjuijj£ ijj^ ^ J~~"' * 

.ajb ^ 

.a jl (JLaaliuAj A-ajlLall j jliillj AjjI jill jjj Aiilxll ^^>ui • 

L_lLa jtLall j jLiill £jLi-a j Aiil jill £jlla l^-la Ac jjja j . «al if. j a ■ iaJJ CjIjIj (Ja. j »1 iVil • 

■Lb aJjajll ClULall j CllxjoJIj 

qa aJj^a <_jLuiaJ (jijjjjjl jjjli JLutLail • 

. (_£ jja pLuic. JJC A la uill (jja JJ A^Aaj] ^Im^A ~~ ijj^? ^ jA Aljl*-a (JLaxjjoil • 

CliMclij j LcIxjoiI I H 1V1 j * ■ ajj Ajlcl 3J jjaj ( _ J ic. SaliajVI j Ajjl j^ll O^jla-a ijj.'^*' * 

.AjjLvaj£ j CiMclajj tAiuiLuil — AjjJaaa 



AjjI .'J* 1 ^ AiUall j 2 uill Ajjl j-a ClVjlx-o Jl aatluilj a jiku-a JJC. ^Jaj (Ja. 



4jjjj^a*il cjLuajjxiil 1.1.5 

i "iS/l jjj£ AjjI Aaliall Ajjl j-aj A ia uill iaUajlj Ajjl ya dlV jl«-a J i n* 

(Kirchhoff s current jLiill i_i j^jjS jjjla cJ j ja jj£j ja j .AjjjaJI A^jj^ll ,J A-ajliil 
Auj.%11 J *Ljjjall CjI jjj (Kirchhoff s voltage law) Ajjljill i_s j^jA jjilS j law) 

L-lllauJj AjjI AiUallj A ia uill Ajjl Cj^Axja ( _ 5 lt jLa jij jtLa^xi jUljllx-a LaA j cAiLuill 

laj^C. La^3 (fi jja. ^jJ^a jl^a. a^ajll jl Ajjja. CjLiilj3 (_jjLiil AjjIj^)^ a _jl j jj_aUc. jj a ■ gaJ 
CjVjl*-a J«»'iin*ij .(Ohm'S law) jl l^ia j tCjVjl*-all <j-a LaAjJC- j (_i JJ^JJ^ ^ jjlil 
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fj * ■ olu * Jjl J ajS (Jailtlij aJaj Aa..laj ,j I ■ aj| AjjI AsUall Aj jl j-o j ^ ja uJl lal °^ jl j Aj jl 

JjLuiaIIj AjxaYI (j^i £-"*lj ' tJJa (Jc CllV^la-ajl t^Slj J - li& J j. *' J ' "* LuiUaj 

.AjJjiaJI 

jjjJaj ixjj .Ajj jjj aatil dlL jajjaiill Jc (. ji iall ^ coll ( X-laLaJI I jlA J " j 

Jc. jaUa-jVl j Ajjlj^JI (_£-}Iaa (j ; Lj |8, 'j^ Ajj-jaJI AjoiAj^JI ^3 1 J .'iiLj ^ «-». Ajj jjj a»JI dlL iajjaull 
sjljj Jl J^l (JLaLaJI t _pal jt"u.iV1 i—S-Ag-ij .sJjia. Clll jj^aj s-Ujj Aa..laj (Jaj (j^i jjSla j 

AjjI Ail Lill AjjI j-aj A la uill ialiajl j Ajjlj^i CliV-lLa-a (jilaj 

CjI jLui] A Sajoil jj lilljj iAilia-all - ■ aa II s-l ja.1 j ^La-JI jjj CllLa _jl*-a A-ajLoJI L-lLna&V I (Jijj 

AjJic.1 dj^aJI oUj^ -^jjj .(action potentials) djjaJ cAjj^S ts Aui ajjLl«j£ 

j a 1 aJjj .Aa.1 Jl Ajla. J —90 mV jaj dj-laJI (jj-a^ <_£ J^^JJ tL-lL a&Vl i-iLJI L£-la. 
Aja. j^ll ^jSil (j^i j (i—ll Ua', ..Nfl Jl jj) Ajaj^JI j>ja3l JJ aJUI ^ajall jx Ajlj^jj CjI jjaj dj^a II 
"Jj .A^tjjlLa 1 jjlaJJ V A jla j oXa (jAJ^a ( l_lUaSluiV I S^jC.) AjILjJI -jati J| 
A jafljll lillll ajjla_a]l «l ja.Vl (j^aJjaj c'ijlaiU (Jjli s-Lic. A kflj (cl J j'— jal<JI l Cll-laJI 
(JJa J 1 - ' '''' w H ^_P^ iAijJall 0X3J jj aSJI lillj jLijjl Ll^j^ '0^^ s-LauJI (j^i 

(jl (_jl A 1 ■ aa jl j - aC jl ^)a.l L-ii a& SjUiVI ^15U Ajjl^j J ■ aJ ( _ s Ja. I— L^aaJI 1 Lj 
^gi Aj£^)aJI j AjUuaJI CjLa _jl*-all AlaLaJI Clll jLoiU (_jAa]I S.^hi £S)jV> aj| j3 jj dj^aJI CllljjxS 

dl j, — 11 j (JjiaIII (JlLo dlL '— a ' LISj Aj aa^a ' " ;«* 1 a a (j^i Aj±i autll A-ajialall (Ja.J (_jjLi 
' Jj] jljj Lo^jc JT in'unj |_5^l (_>ui 1 n-^yi •oJj^Jlj 2 'ij-^ , nil j f. j' '-11 j JjjjJIj 

' Jlj-aJI J,'.'"' ls^- • ' . u *^ Wj^j cs^' Ajjj-axll A-o jlalaJI (j^i A jaSjjl ^Jc j 1 aD 

(j^i ^-ajJI Ailala (j^VI i— alJI j .^Lo^ll (j^i Ajj^jll AaJala ^ tj^' A ■ ' " t— 'W^' 

1 -JJ ■ aj ^^ill AjiVl tj?^_>j U^^J -^Lo-J! (y& (_jjia11I AaJala (JjiaUI l_ sLJI ^j'"' j .^LaJI 
jaJC ^1 tj^LoJI (JluJI I3-L0 j tAjJj «J1 '"'l;lj^-- aVI j AjtLaJI A klaJI j i^jaall Jjxxll J-aC. 
.^LaJ Jl CjLojIx^II AlaLaJI AjjIjj^I CA <M JUjj Jc W a«JI L-aL&l 6jjia 

ClLaJajll (J-aa. Jc SjJlli JJC. AjJj aatJI k—iLJVI J-^"' (jl lAjjil jl L^joiij Ajj!>U (j^ajj 

.^joiaJI ^- 1 1 '-"*-! (j-a LaAjJC. j (jjaUl Jl ^LaJllI (j^i A^ja^ill 

ejli'inV A alia "II AjjjaJI A 1 a II dlVla-a j Ajilall (J jSa II J Cjjjla (jll Clll jj^ajll ^ a 1 aJ 
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Jljj^ll (Jjxiill (JxxluiJ . Ajj_aJj-axll CllL aJjajfl J (jLuij^l - 1 aa ,j Aj£jiJlj A-jjuiaJI i_ajUajll 
(JlaJ (jjJ-i-a^JI (j^ala-iiYI J) ■ fljl la jll SjlfcV Ajj J. u axil dlL aJjaull ,j A_i_u-^*JI A-ajIaiall 
ijoj (J - al all ^iiLall ^3 d]| jj^ aall ^ "** Jc- ' , J " ° ^ 11 IjA (jjaaj Ja.1 j-aj 
Jl ,'J* 1 ^ jjIjjIIj Ajj j±* a»ll dlL ajjailll ' JX ?•*' tJ-^J "**^ Lj^-aJlj CllUj jj&IVI 

J yJ^c Jl J jaj t.u^r. J] SjUVI J*aj jll Ajhn.ll i-iUfrl J CjIj^VI CjU j^l 
Atjjj* Ajjjjjflll ojj^^j <_s-^ A '*' j-" ^ ' ***.'' (j& j^^ll i * < ^ W jjj^j 4 j i ac 

i * <M , . j| p] , '-i-.l £Axia. oxj 111 .'"^LixjiL J jjj (_£jll lilJaJI jC- ' afcaj V - ' aa J 

^''j'' a»JI (_paj_j*jll 4 ^ i , r— <nj\ .^-v'tt JJ ^ , ( J]| - . aa II 

Igjlial (j-oj) M U^"" J^"*' 1 *B j-a (J^ U"* 3 ^^^ J. ' aatll CllL '-* Jj""'^ ' "'^ 'J.'^"*'' j"° 

jjSjj j Igjijiij ojlxiaJ (Ja.1 (j^i ^AjlfLall J -^■v'lti 1 gM* al j^j) Aj£jaJI j ^Ajx-<luJI dllcjj jail 
bjIt'iiiI (jK J L-b^aaJl (jlajjajl Ajj JJJ^II a jjfraj (JLaxioil j3 jjj i^-ijall JMa* .Aft jj^a Ajja 
Jjxxll J dllAj-aVI Uta-i al A ajja a Aj£ji. ' ajl la jj '(jjS jS^ail j' ajll j I - 1 all £Auill 
AjSjaJI A-ajIaiall J Ajj j;- a*ll CjL aJjaull 4 a 7- 1 ill gjljjll (j/a j . Jilajll (JLjJI j AJalaJlj 
j Jplc.1 ejlstluilj t^Unill ^q.r^ill (JLill ( _ r i^aj^ (_£.}] ^ i* nil j t_i j3 jll ojUtkul (jVI < _ s Ja. 

((J^jiillj J jJI ^^it "■J^-J 1 "^) Ajliall AijJa j ojlaliuilj ' ( _ s i^ll (Jl 1* II ( _ s jJa^o Alll 

[2] . - 

a la ) a a > a a 

lilij l^-Lo u'." t5^' JJ^V^J jl-ill JlLi-a a^j j Aijx-a <jj jAi aatll dL-iaJjxjll 

a jjj al I g luJaJj (jjl^a II ajAlia jjj ^ aa II AjjjSj pUa.VI ( =Jc ^Jl AiLjaj 1 CllLiJaJ jxjII 

a &a a Ajiilaj Ul^ ^ 

Cllltjj^all (jl . jjAjjajLujI jjALma. (jjj^aj-o AaJlx^J Ulla. ^/'J, 1 ' aatll CjL-iaJjxjll n'l 

(jj^aij (jjill (_5^1 ^-ojJI S^UtAuiV dlj^jla cAjjlall Clll^Lixll LoLaJ dla-. ajp ^j]| Ajx-<luJI 
.A-ojLu ^to.iiII dlaill t£llLuL»llj Ajla.1^11 Cj| jj« uJI jLjj pllj ^0 tAja.jUJI Aui^tII jljjVl 

ojLjjj ^Jl ^j-aa^all ' * « j ■ all a^>l£ ^cllx-a (J^a-Jj I a 1 aa II ^^jla. ^j^Sj^j^J-a ^j-a A-a^aJalall t fllljjj 
(J^aajj a 1 ua H (Ja.lj Ac.jj^a1I a^j^ ajll ^11 ^la H a^a^J-all ajLjjVI i^ji^yi (Jajj^jjj t'o^-a^-o 

(jiVl J Ua.l^)a. p JJJ ' ■ ll jaSI JJ Jajijj AjjIjj^S dlljLujl Jl jj-ajll At Jjj-all a j;^ al\ll 
^-a Jljj^£ (_^uLaJ (jjjajl (J nt'i i h"i (Jal jj ^^A 1— lUaaVl) Ajajoall Ajjj aatll t_aLJVI gjj^l Ajja,! ill 
l^LSLaU Jll ClIjLi^l ^Lajll ja in'iinjj . (Ajjux^ll jjC. (JJ^-^' SjIjII *lja.i J L-lj^aatll 
AjjjJj aatll dlL ajjatjll ja.VI *^ all (jjjlajll j ' " Ij ■ all « . ii-sV I jljja tdj|_aj-al 
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^^-axJLj (jjjl ua^ll ^^j-iaj-a]! (_5.ll __; j- ajll _j"1 ■ ..-^^/l SjljiuiV Ajfujuill '"'1 'jj- a& __pa_)^)aj 
' ^ .. ".. "' "**' ' " ^ .'J* ' a (j-^-^J ^ j^j-*H AjiUiAj (jjxll JJau-all jjaJI (jl f£-^)J • J^H jl J3?^l 

.Ig mil ( _ s Jj-ax]l (J^ajjajll Ifjlt jajSj jll (_J.lliall (jU 

jl _jjJC.La.lll (JLill jl 4 lala II J jl ^^jaill J jxxll XaC. J _jjjL-a^ill ^ i^-i^all ^j^ojj 
(JjJjoi Jc. A alia a AjSi^)^. i_ajUaj (_£jlj jl (jl-laS (j-a I _jjL«j (jl lS^) 3 ^ """ L-jUl JajJal 

aj (Jlul _j* jLtJ (jl 4(_$jas]l J j^utll J AjL^aVI ___; ju«<i Uua ll—lL^all (j^-aJ 4(JI!Lall 
Jj*' <a jl ' ^ i uja II jl i^^x>A\j AjllLall Jc ojajjoill (jl-ls3 ^j-a jl ' J^ (JIjuS jl J° l " 

. i_jjUa_jll lillj ajlxiuil jA ^„''J.'' CllLjaJjajll _j« _j^a_)ill j . _j« j,all ^IVI jl iCLx&j jajtll 

(JLill Ljlau '—I ^ jji.1 <_£-lll j»-^l Jl_>j] ^j'—J^ « AjLaxll Ajj jJj axil CjL_iaJjxjll (Jjl jl (jlSj 
(JluS ' ■ l±uij ( _ s -»i-a]l J £jJ>jl-lll JjJa c-Ljjl at l3l £jL-al £3j Jc Sj.lLall (jj-lai) (jjall J' 
(JslSJ Ac jjj-o jl A-ia km AjjLjg£ i—lUaSI ^ ^aall (Jljj '"'L'*^ * (jj • (JaA£ll ^^P^ * I ' 
L-b aC ^J-"J^ j3 '(_K3jVI (jt i " a iJ J)\ ^jaJI (jl g.1 laJI J (Jj-ajj (J' a3 (jjiLaJ ( 'a.*'^ 1 alia 

Jkii J jjj ^U-a J jt Jc j . [31 ^iSll sliijl qaj (peroneal nerve) <jjU A_i^aa 
lillL^a £■ (sacral anterior root stimulator) ^ jkxll ^-aLaVl jiaJI o^'ja^ 

. Ija £J Jj (jjSau] AjlfLall 
o^aJI A-aJaia jA AjS^aJI 4 3J la j3l o^lxiujl Ajj _jjj-a*JI CllL iajjatjl] (jjjJaJ A-aJ 

pliiil s jbj l^jal ^1) NeuroControl, Inc. a£>; V^A ^1 (1.5 JiSB) g- jjll aLUII 

jj^aljijl AijJa j ft ^U* i nl ^jic JLllI JJJ^J A-ajlala ^C-Luij .(1997 ^fr ^ Aj£jJ-aVI S-l J^lj 

dllS^a. _)i.VI i— ij£ll j^lc ^ji^i j-a j^i (_yiawa (Jj^Jj Ajjjl a II l^j£^)a. j Jjll AaJ j 
dlLa _aL«-aJI (Jjaj ^^ajla. ^SaJ jl^-?- Jj ^aall ojLij (JjoijJ j t^SaJ SjLail Jl Sjjij-all 
LllljLjjJ jAj-all J (jla^ja-aJI (Jjoijjj -^JJ_>a]l *■ (JxjoiJj ^Jj^-^lj ^Ij-"' 

JjJI CxL^C J liljjajll Jalij Jc i_jliaal AjjLaJ Jj t^EjLuJ jjC AjjIjj^S (j^ajjaj 

(jjj^jSill (_gj"iin« J yj-'.'l ' -^"H l^a. (_^ajj«j]l 11a (jj ^(j'-**.' a ll AjLat (jjaj^jaal ^tLaJlj 

AS ja. ,_5^a ( j^iajj j (_>ajall oj3 ^A^jc JSj jjill (_J jSill JjaxJI ^ C6 J C5 (ji^ Jl 
. ^(jja^allj i__aj£]l Jj-aia lilj^pj Jc oj^LalLj (jjaioaj '£S 

Jll (l^J j3 La J C3 Sjisll) (^jaill - j-*ll Jcl J <^JI Cil jaall AjL-aj aJU. J j 

ja.LaJI I— llaaJI I— h as j'^'j^'l (j^-aJ tAiuiiiill i 1l)I ■ iaatlj AjC jJall A^jaJI (jl^aS Jj 

^jjj .(jaiflll (j^ajjaal Aljllall «.LiiJI aL^c. Ljjjj (Jti (jl LuLj^ (phrenic nerve) 
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lla II tllaj lilLoiJ (.L^ajjj _^LaJI L-ll^aJt ' -b aaJ JjaaxII ^Jajmll (_LLLi Ij^lja. (ji£ilJI ' ■ llaS 
AjJij tllljLuij - 1 II ^jli. (_Lji^a (Jjjjjj j L all .lli. tll^J j_^jjj|j (JjiiuiAj 

-j a ■ aJ ^ LjlLij] t_Laj '"'1 iiimaJjll qa JJJ^ A^ij ^'.'J c'ijj£-l«ll tllL^La ill afi- J 4jl JJC. 
* lala II j <_£ j£ill Jjxxll ^ "LiL^aVI Ljla^ '— (j-o t4ilii_all <j^al jC.!>U Ajj j±i aatll tllL aJjaiill 

tllL ajjaiill <__-!£. (J j' aaj ^^ic. (jjjjlS JJC. I _jll j La Aj±i ajtll dlUI^Jaj '— ^.^i^a j 4jC.La.lll 
aJ a ■ aJ t_llJaJjj jl y'^Sfl (J^lj-" 1 i . llc-Vl tllllj La dll jj^Ajll si* j tAjj jJj aaill 

a w.ll 4£^)i. j tllLjj j AjjI .'J*^ till jl jJl lifaC. 1 a$j ajtll tllLwaJjxjll 



tJi&fl 




•NeuroControl Inc. aSj^I <> £• jjll ALlill jjII jij^i a* jikia :1.5 

Sadowsky CL, "Electrical stimulation in spinal cord injury", 
Neuro Rehabilitation, 2001, 16:165-9. 

(jjx]l ^li al ■ adAl j t_lL-acVI <_£^l j )^. £-a ^jjjjj^ SI (j^oj^uig^ill <jjLxjjj .4-nj^axll A-a ^aJaJ all 
tllL^aJjxjll alij jjjjail jlj^ill s-Laitj (jjJjL^^ll (jjm ^ all j (jjJjL jjill j jJJ^illj (jiS/lj 
tllL ajjaiill a j •< a i aJ ,j ^-i. ^Vmll I <_ g-^l Jj ( __ r jll sjjuSJI ' " J Jj* ' all j_j-a _pu ^itJI 

! ij ^ aAj I I 

(jaaJI (^la jiaia ^ AjxiL-all Ajj jU^tII tljLjaJjxjll Aial£-a L-iaJ I (integration) 4lali»II • 
'iij^all I a i II ^ ACjjj-a]l Aialui«JI till jj^jll I L!uj£j sUHia . ^jjl^iilall <£^)iJI j 
<_ji-La.ll! A^^iJI »LaJ (jxi o^jl jll j-al jVI tl g » <i Aial£j-a tllllua aj i AiUa ^ .'*'".' 
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Ala^>j aatil ' fllUll jl^o o jjlaio 4_lia all , aatjl Jl (j^aj^pj ' " ll a j a (JjjjJ J 

jx (jj^J jl ' . laj t(_j_jaj AjaAj jx j .^(_paj^a3l AjC.j ^-o lisljoa Ua-llla 1 a£aj o^)3_oyij 
(j* Ailc.1 jjj ^LoJI JJ Aj±i raaJI "Lajlaiall Igjjjjjgij jl| 11 tllLa _ji*-a (JLuijj j£^all 

.^1,™ll l_ifcll 

Jc (jiajj-a <J£1 Ajj ju^tII cjL •-jj.'ti ^* t_Laj : (individualization) 3 ■ • 

CllL-iaJjxjll jjj jl luia II J ia.^1 ' ; '?-,'J .4ijlajl] S^latlml (Jj^aSl jLaj^3 (Ja.1 jx a ,1a. 
. (_paj^allj Aj^alaJI JjaUII 'ajlc.1 Olf.1 jzA j <j£jj\£xaj| Cjl jj^jlLj j j±i a»JI 

-<-».*ll jjij j i_iUaaYI J (jl J :L^JLa*luj|j CjLuajjJull Jl Jj^a Jl Aj j^-uj • 

qa J^C __}J^V "Lalia l-j-l*a (Ja.1 jx £^jjl A 1^ 1 aj 4 1 aja jj 'ajjij-a (_J^)a.VI dll^x-ollj 
.Ajjju-al till jj^ajll lillj dljl J 1 1 " ll J LaJ a (Jsta. ' ■ lajj . ( _ s jJaj-a]l 

jjSi jl i_jaj :(biocompatibility and protection) AjLaaJlj ^j#sJI jaljjJI • 

(Ja.1.1 4 j ■ al uiaJI j L_ilgjJVI (Jjelio s-j.ll Wjj^ J" ^ Jj3^' lliLjaJjajll Cllljj£-o 

s-IjjaVI j-a I frill aa S 1 Jjl J aj£ (JjaJI A a£a a Ac. jj jail aljVl jj^J jl ' ; 'T-Jj ^aJI - ■ ua 11 

[7] 

. ^^j^^ll ^ |_j| w\ 

CjU^jj«j1I jj£i jl : (mechanical compatibility) ^Sji l Sjntt jaljSll • 

g j i n ill (Ja-s'n jl 1 ; laj j clfrl (_paj«jj jl jS-aJ jll (_5j£ll (j!aaj Je ej-llii Ax. Jjjall 

.Ac Jjjall Axlakll jx l$-ilc ^3 ; laJ .B (_J jii J IfrJ laja all 

cjL^jj«j1I jla tAajjjliiyi t- il jj^ill £-Laa. J Jc- : (interference) JaIHII • 

, aJJajj * jj^ill ji.|j!lll A^ajp. Ajj_oii-a«JI 

^j^aia^uiVI oLi^ jj i ua 

Cllljjl^a 60^j£jxa A-iLaC. j Aj^Ja a CIiIajjI^j^j jj^ L axil f j^gJ^Ja 11 jj ■ a ^ all (J.oir'unjj jjjl L^all 
jaJjj Clll jj^aj s-LiJj A-Uj aail A-a_jiaiall Aa lajj l&l i axl AjjLj^SII Ailiallj A ia uill 

A ia in 11 ClLjjljx jl i LlS 16.5j 14.5 jjlllall ^ jjilajj .tjji^'iall lgjlja.1 jjj oj^JI 
- j ^ i ^."i Jjj ^jj J i . iaj (.5^11 ^j.' 1 aatll iil jIluII Aa.Aajl (JaatAuij jl jSxJ AjjI AiUall j 

. 4^ij^_Li-axll djLi^a l ^ yLlH 

IfriajJa qjh j tAjinl mVI AjjI AiUall j Aiajill ^xiielia Jl AjlLaa.1 a J^'; J' aill I 3a I^JJ 

AjlLoill j Aja. j-all Ajajlll A^.LaJI j ialiajVlj Ajjljxll Cj^ Ajua JJJaj ^ ij^J -AjjI J^lj J^l' 
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4 ia utll 4jjlj^i I JJa.1 ^ , aSLbmJ j .AjjjaJI j CjIjUI (Jjlaj 4j!Lal £-a (J^ ^* a "'^ 

4a«lu&l ^boiil fjftlia 2.5 

ii jfriall ' * 'j^ j« .l^a^ljj 4_iii£ j 4 '<■>■ uill 4£ja. 4 jaj£ liilc. tAjjLi^)^ 4_a jjala -j*. agj 

,Jc.j .Igjjjlj^i j (JjaVI 4_«jmj!i]l (j-al _jaJI lalia ''V 1.1a. (jlgjLLa Igjjjlj^ij 4 ia utSl jalia j| (jl 
4 aV~i4. A\ A ,'"\\ ^\ jj\ J 4jaj< Jjlaij 4_a jJalttll Ajajoi L-lmaj t<tlal3 olilxS La jl JC. 

.Aja^uJI iiUajl Ajjla-a jjjJaj (Jj2 4 unl mVl i_jjjl*i]l x 1 jlui 

*ia-tt! 1.2.5 

Clllji 1 fllfc-i j .(jjjljjllj (jjj jjJI j (jjJJ^lVI (^A 4 J i ill i nl dll aJ i aa 4j!ili ja coLall iSjfi** 
(J ja. jjJj Cjljjjjfill (j^i j tCjli jjlijj dlj jj .Jc. (S jpaj oljj j« AjjLiaj^II Clilj^^ajl 
ii j CjLijJjjj 4 r u ii ^j^C 4j| ^jj (_ya. jjjjill j. "»'"*- (CjaaJ cJlfLall (J^f" 1 

4 (jja. j jliill oji 1 j j\j a j t4 j ja uiaH jjc. Sjill ol^aj ,j CjLijjjjJI JJc ^jLuyj . ClAjjjlij 
(_Liajj . jiajjiiill ojj ol_aj (J_ja. dAjjjjflll AjlIui JjAi 1^1 .'il_jj]Li JaJaJ ^^-Jl clAjjjj^IVI 
4ja»ui2| 4 ia uJI lillj <i i in j '4a\U^\l A ^all ^jjjUjjjlo j/ 1 '"^ '* (jj^J^^^J UJJ^^^^ 

2jaJs ^jL^jj t-1 jjjp^iyi (^a aj^LuVi AjaJJl ijjL^ij .(elementary charge) AJjSfl 

4 la uj (Jxiaj t^jjjliill Lai .+1 4 unl mVl (jjJj^JI 

4jajoJI .COUlomb (C) jjJ jSJI («A AjjLij^UI 4 1^ ..ill A^jll S^a. jJI jj 

lillu 4jxa.j« 4 iaSj jjc. (3^Jjj ^^jll 4jj1 .'J^^ 4jajjill 4aa£ 4jL |^tl] jA 

t 1 jLiill sAji jj^J I a He oJla.lj Aajlj (J^La. 

ii.ljll (jjlj£ll i_ illii i(_5ja.l CsljLutj -Lujij AjjoiLoiI 4 ia 6.24xl0' 8 i_gj\^ 

+1.602xl0" 19 ujjjjJI 'Jj^I t^j ■uJ^jji J QjJ&l 6.24xl0 18 (> 

Jj£j iljUaJj 1.5 Jj^aJI Jfr^Jj -UJ^J^ —1.602X10 19 jjJJ^iyi 4iajj ^jLuijj cjjljS 

. 4-luiLmV I aa 
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.<LiuiLuiV) dil nu n-\\\ jjriil in\ :1.5 JjJaJI 











-1.602X10" 19 


-1 


9.11xl(T 28 




+1.602xl0" 19 


+1 


1.67xl0 _24 




0 


0 


1.67xl0 _24 





jlnil 2.2.5 

4 ij» 4_Iakj _)JC 4JSlj ojLa (j^u-ia 4jjl . Jfi*^ ■* la uill jjSJj jl (JjJlx jA 4 ^ jl / 'jL&ll 

tll Ua . All tSl ^1 j^l Ol jlillj Ajj jjVI Jjlla-»llj lP^ 1 <J" J- <jA (Jl jillj 
i lil W ':\\ A^Jijla 4£^)a. J. ^-^"i t Jlj t5 Jc. ^(j^S (Ja. (JJilaJ (jJa. j .Aj^aj l^LajJa 5jjLj^£1I 

Jliull <jL i_aj*j ^ill (electric current) <jjLj$£1I jtull a/jI* <djayi 

:4.1a uill (Jia-0 jl I ^ la uill ^^j^i^' 

i=^- = q (1-2.5) 
dt 

(jc. .(1.1 Jj-laJI) ^Lul gjljjja JJ«i« jAj 4 [I] jA ^ljjg£]l jIjjII Jxjj 

jjxaVl (/jLayj -C/s c5 jLuj ^1 (ampere A) jjj-Vi S-ia. _jj sir. ^Ijj^£1I 
.5JSUil si-all t> Ai^ jki 4^1 ^ jjjSlI 6.24xl0 18 ^1 jll 

^aiLa ^ jj^ull I A&j ."HSU ojLa (j^uJa Clljjjj^iyi 4£ja. 4j| ZAc .'Jg*^ jLi^' (jJ] jkyj 
I ■ iaj| liljaJJ (jl (j^-oJ 4jlLuJI j 4ja.jAll CjljjjVl (jl VI AjjI till jUI aJ a ■ — j (JjlaJj (jJa. 

» jj j j, ^.H j ^jjj^Aj^JI CjUjjI J)S.ij 4(JlfLa]l (Jfui <_jl £ - .4jjLall (JJla_all (JLa 4jMj jl_j^i ^J*' 

s._yuijl IjjA ^a. AjliJI (.\Jiit. ^jjc. ( 4 la uill 4j1Lui jjISII ClAjjjl Jja.iij cUa uill 4ja. 
4ja. j^ll ■ " '1 la uill (j^i (J> j' iall t_n£jjll s-IjjI (Jiijj AjL aatllj aatll L_aLilVI ^Liill 
(Ja.1 (j^i Vq* ^11 (_j jla SI Lxui jll jjc. (CjLjjja^l'VI) AjILuJI dilla uill j ((ji?. jjJj^JI Cliljjjlj 

.(jjJJ^ll \; i n^l (^IS j s-LJI (j-o jj^jlill t_u£jj 

eAa. j (J CjU jjjilVI (J3^ AjL ei'jxj (cill jJJ-oVl ^jA (jjUj^ll jlilll eAa. j jl UjSj Jal 
cSJalj 'ijLa (j^.^i 4 ia uill AjILui CllLj jjVI jl CjLj jja^lVI lil^jajj 1 a He. j 4 'j» a 4 Jail jiC (j-aj' 
CjIjjjVI jl Cjt-ijjj_>JI lil^ajj LaAiCj .jLilll olajV lilli-o I ""'I la ui (32JLJ al^jl (jj^J 
C(_5ji.l CjIjLjxj .jLiill olajV I Sjl la a (jj^J I gjl ia ui (JSJj olajl (jli i^Al o^Lo (j^uuia 4 la uill 
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.(j^Ln-all alajVI aJU AiaJiJI Jjajj yl^J alajl Aja. ya\\ AjaJill jjSJj 

^bj^l JjkJIj ujJj* O^IS 3.2.5 

i 111 ia uJI LaA Qjali a ^ £ii i - ll ja ua3l (jU tA ajfljl Aja.j^i iaj (Jj£ll (jl ^jja. . (Jj£ll 

electrostatic ) Ai£La>jj$£11 a jill j) ■ - i ia £A\ dljUSI .Aja. jJI cjUa aJLJ 
<jq£Ul,a]l cAjaJall j t jaljjj <^jUilall oUaJiHi tAjjaljj J Ajjjlaj 1 & 'j; Alclill (force 

• LJvJ^J^ LJ^^ (JaiMmj _J ^ [ (j/ni-iVi (j/'*'** mi (jjj Aj£Lui a jill (jc jjjxjIIj . l—lilajj 

F l2 =^r n (2-2.5) 



jjj AiLoLall ^ r j i|J 2 J ^ ]( > alajVI (jit Ja; ^ill i^yW ^l*^ jA rj 2 <j! d 

AjjalUll (.sjSII J jA t-ij*JI j . 9.0xl0 9 (N.m 2 )/C 2 A: CiAjII j tjnW 

.AjILji Ajjjlajll (_J jail j 

( x r jj a jj .ajjLsj$£]I Vn niU ^jji; <j jiLa Aikia jA (electric field) ^UjfSS JSaJ j] 

(Jj-aall liA (_pa_)x!lj jjl tLaj^C. .aj2 £j-iaaj IfrlxaJ ^Lj^)^ (JSa. ^J"' '— 4 ja ui 

^ *«■»■ ■ *W (j! (jJJ l^jlaj j .(jjjlill IjlA gjljj jA Aj -*» L a La j cAjJll^a"^! dlUa uill ^ 'ajJj^J! (_£ jSl] 

.AlUallj (J^utJLj 1 ■ aJI iaJJJJ ■» la uJI ^jli cAlUall j (JxaJlj -iaJJJJ a jail (jl Jjj 'a jfilLj "JUJP 

J' aflll liA AjSj (jjiuil (j-a 1*3^ ^..^ .'J^^ ^ ja uJI ; AjjjLall AiUall Jaaj j 

^bj^il AiUaii 4.2.5 

j-aa.VI Cllaj f j- a]|j Aajjjaill AjLiiVlj Ajj^Sxall ^Ij^iVIj Laic. ^'_J-alj Ajjjjl_)]l ^Ij-aVI 
<JjUj^j| AiUall ') . ^il L_llj£]l 11a ^ ^JUi ^ ?■ mflijll JjjS s. jjJallj (^JJ-all s- y all j 

^jjll jl_)C- (jJt <lal£ AiUa ^Ij^)^ (Jaa. ^ A£.yJayai\ Aj jajoball ' " aJ i aa SI iilliLaJ 
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aaJSA\ AiLkil J ,J AlalUI aSIU ^^^jj .JUS J**- 4JL£ 

^i) (3jLu1I ^ UL«jJ Ujl .(electric potential) yJL^iil jj^t aLL^u cAjc. 

Ul . JjJI J Aliill ^jic. ^jSj AjjLjjja Ciljjila ^ aJY-iH ^tlL — il (4 j 3j 1 J j- 

2ilkll jjij jl t jii i w ^ jj'Ua'i jjjjjUj^ll jjj (jjj j jill (v) Ajj] jilL a ■ aSjj 

■ joule/C — j <-«j*j ^ (volt V) dljill ^ I jLSlil Aiiljillj (jjja 
U\M Aiol£]l aSUJI jlj .^j- J) Anjuij aJI£]I *i.l£ll Ail!*]! cjUJ J jki 

JjaJ ^jgiaJl A£ji. dip. c^UjjVI (jjli (J-oUj3I jja. AjxaI <SUall ^1 jii J&\ ^-A 

(jjj j-a^ll jjjj Jjill ^jit .SAaJI lift {gjlajjj ' " J^C (JSJi CJ Jc ojlc Ajjljill LutJ 
Ajj] jail (JLaxiuJ (j^-oJ ' jjjliaaj ^^i (jjjjlj^)^]! jjjj j-a^ll (jjj (Jj j3 J j J . ^jJlAill (j j-a^ll 

(electrical potentiel AjjL^ifl ^illaJl ^Imjj .^Vm,' J ajjL?j$£ a^I^ aSIL 

:_j Aj^Ji] £ £ energy) 

£ £ =qv (3-2.5) 

joule (J) Jj?JI ^ AxjUill ajjL.j^I aSLUI oI^jj . [L 2 Mr 2 ] jA ajjLj^I AiUJI 

jA (Jj lilka Aill j3 Cluy] 3~2.5 aJjU^II ^ Ailljill jl ii^-V . kW • hr AtLui ial jjliill j 

^jjjJal) i_u£ Jj1\ p UjI CiLjjjjSJVI Q^ajjaj 1.5 Jlio3) 

(Jaj a1.ii1..ij ^'.j. \l l_u£jj1I s-liil (J - aa!i ^Jj& j-a jji^ (j^a^pJJ :AjLut4 
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? ujJ^V lj* W^i ^ ^ L. .-1.0V 3L1UI +0.5 V 
IjW. ^1 iiauill jj X&ijgl 4iLkl! M L^1 3-2.5 JL«jJ : lM 

(_s^^- OH L3J^ J* ^LojAVI ^y^aya JjjSj '"M^-" 1 UJJ^V 

:(wn ) S jllall jjc. j (ex; ) S Jiall 

E E =qv =q(v ex -v un ) 

= (-1 .602x 10 19 C)( - 1 .0V - 0.5V) = 2.403x 10 19 J 

^11 (Ail] jill) Aj£ AialSLlI <SUall j jLull gjli <jL (£' £ ) 4jjLij$£1I AaLkll Jo** <-04j 

: jLull tSlJ j ijS 

i £ =i'v (4-2.5) 

.Jal jll Cil jljJI JjU* ^4 AlmtlaiJt (_£jia]l ^Uajll ^3 IgJ e.1*. j jgJSl j t(pOWer) 

jjuM tiia-a 2.5 

^Jl 2 ja Z&\ jljLa jA La :<Utuu» 
?(Jjlaj oXal U] j3 120 lAjl-lLa Ajjljij (_Li*Jj Jal j 

:^Uj^l! jLull <_.L^J 4-2.5 aLIxJI ^ js 

. £ £ 1200 W 1A C 

i =— - = = 10— 

v 120V s 

.jjl > 3000 (2Lul!i 300) o-i 
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e-ijj^. (illLoj . m *Lo e-ijj^ iSp^ 3 -(2.5 JLill) Aiill j ^ •«■»- ■ *M jjj <jLiull ^a jJ=ul 

4aa&1\ ASUall Jix-o (JjLiS jLoj tslall jr>- jljc- (jit j . ( £ £ = V ) e-la. j3 2jjIjj^£1I 




. i jLiill JjIL m oUll jajj Ji. 



.v iiiljill JjUj ^Mill j>«Sll 



:2.5 JiA» 



4 W< nil ialiaJlj 4ji*\ja 3.5 

l^jli dll la uill JJ-oi jl (jJj^J ' ; llj^II lift LjJ ^^jll a] (j^-oJ V j .(jjiiaJI 
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4 ia uill ( ■ la J' UJ^ ^-^ <1 'J^ uld (Jjjlja.1 jj^j£j 

^jjij V AjaL-all jl ^1 jlaiail ^ lailj Ajaiiaj Ajfituall ^ jl 

jiajj t 4jaiaa^ iliutil <UlluiII j Ao^jaSI ilil la lilt jl i<_sjii Aj^.Lj j« . jjUl jl <U> jlaiaJI ^ 
jra. j tLajli AjaL^all 2 ja ^ Jilia-il ^^JLi ^ j . jj£Jl jl <L> jJaiall ^ t^Cl^luil J IfjjjSj 

jjjILi ^g-iij jl L . ^ *^-^ j -0 ^ *^ ' * ^ ^ «aJ t^Il^ljj^ J l . i^j :aJUj <ia_uj ^II^Ljjj 

ja. j^]| 2j ji_iLa]| dll almaJI JAC L-lLuiaJ o-llc. JaliaiVI j jjl dlV^l*-"! (J.tit'Wi j 

^^jII (jjAja.Vl SJLoJI j <ia. j-aJI ' " ll '<■>■ uafl ; > ■ aaj c2j jl j^]| SJjlx^i JLutiuil jUal ^ j .A-ajialall 

.AjlLoill j <-t^. j^ll i " 'I ja ujjl (J 

jiC l^lo ^ jajj 2 ^jlViJl i'iI ,MI .3.5 (J^joJI 2 ^ j , •— jj ^jjjj i_oj 

j»£l jjj jl i "'1 la ui]3 j^ajj c5-o jlilall jxuJa dllla uJI liCiL^iu:! j Aj] jj J i aa J j 2 .jU'^ll J 

■ I * J 1 ^ ifl 

AJLuJ) j Miauili ja 1.3.5 

:2-4.2 A-alxll AjJisJI Ajjl^l 2Jjlx^ 

vj/ _»{/ +»{/ _vp = vp (1-35) 

in out gen cons acc V -> .~> ) 

• _Lui^J j .dlia^jJI j-a 21, ^.a'^ jjjlLa l^jS ^ LmJ CJ^\^J\ 2 jj^\l Ci^jIxaII ^ilj 
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Z<? + ,* "Z*+j +< ? + .en -<7 + ,co„s = ~q% W» ^ (2-3.5) 

* 7 

Z^/ , -IX; + <Z-, g en -?-,co„s = «3 =^-> ^ (3-3-5) 

* 7 

^jLJI JMj 3-a jliiJI Jl Sjjljll 3JLJI J 3ja.j*]| 5 ia ZA\ JSL> jA o] 1 

k 

3 ^jlv^ll ^j^j 3_a.jLaJ| 3j]LuJ| j| 4ja.^aj| 4 ia uJI jl^La jA ^ (J + . J 'La oA« s-Lul i aa II 

7 

43-ajiila]! o Jjlall 3JLJ| J\ 3ja.j^]| 3 W j\^ia j&, q + j 4^Jj-ukJI (_£jLa]l Jiijllj 

3jaJJ! jl^La jA ^r^ y f S j t<-a jlaiajl ,j 3<t^-.,„.U 3JLul| j| 3ja. j^ll 3 ja »3ill jl^lo jA cons J 
^ ia utll J^La _jA f^+^Q j c^-iJLa_^5\ oXaJI /gi 3 ^jlv^l ^5 ^a. j-aJI <ja._aAll jl 3JLuJ| 

J] j J k (j^UUI J,i»*Jj ^ „'*'■' oAaII AjIaj ^ 3-a jlilall _ja. j-all 3JLui]| j| <ja. yal\ 

Ajjlxaj^ tlLilclij (J j' aa (jja. Sjlfc A uJI liS^I frluil j -liljJ J^aa-jj -^^^Ij (J^-^l 
. [tl] J$i (jjjLLJI (jiiljlx-aJI Slkx^ll JjJaJI JaJ Lai .3-a jJkLall 

(jl 3 ja, CjV S Ja-a IjjS ^ kau JiSI Cj^laJI 3 ,».B 3jj| 3jLaUlj| 3iu^ll j 

• 1 ■ iaj| <^r j 4_ic. JJJJtill (j^-aJ L5-^l i jL>ill cJjLlJ Uj-La j Am jlila]l 3 ja uill (jSJj 

-Z? + ,7 + ^, S e„ -? + ,co„s =W ^ (4-3-5) 

k j at 

!</, 1^ ,+^/ ,,, ^/ ,,„= ^ ( :aJLJI^]| (5-3.5) 
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JUL, 'Am jlaLall JJ SjJ j]| (jLsjII aJLJI J 4ja.jJI A ja , all Jtl*^ jA ^<?+ £ (j) 

j 

aJLoiII jl Aj^jaII ^ ia uill aJjJ (Jix^i jA *?+ gen -5 ' "-' ' ^ (_£jLall (JiilLi "Lajlaiall 
jdt J a jlaiall ^ AjlLull j! Aja. j^ll AjaJill c*DL$lJ Ji*_« jA COIls J '** " jlaiall 
c^Lij^SlI jLull (jl (jja. Jj .<La jJalall J Aja.j^ill jl AjlLuill A \-\ nil! ^IjJ Jl*-a jA 
Jul jj ' «■ - j\ ^»j!>La JJC. Ajli toJiLall A£_)aJ LaLaJ t(Jiilj ^ ^ ja uill (jjaJu (J- 3 *- 0 '— fj*-! 

lila tA£^)a. (_>uJj nJlLiltliij (jLL-aJ ^ ia uill lil^Lgiuil j Jul jj (_£Ja. (jl ja uill lil^Lgijil j 
cA-a jlalall J AjlLvall jl Aja. j^ll 4 ja uill jljlia J JJ*jll (jC- ^Ijall Jla. ^>JXJJ . ^ jajlL] 

Ju-laj Jl Aala. A-aJ (jjSj A3 cljl_aa.j^i ^Ijjll ja. (jj^J I alia j . Lg_i3 4 ia uill ^IjJ (JjUu (jc jl 
(jjjLLuill (jjjtal*-all <ji JljAaJI JutJ Lai .Alluiall (Ja. JjS ^IjjjVI (—ijiall Jla (_J ja.1 CllLa jl*_a 

(jJdJaa 1 J (jl*SJ (jjS^jia J I— iL aa 11 CjVla. A ja uill Aj jl j^i AljlL*-al AjLalSjll A»Jj all ^£)Lj j 
(jjiillaJI (jjj (J-ol£ j AjLlal aiill Ajjl j-all Aljla-a ' ■ Ual tAjLalSill ALL*-all (JjJ^aJ (jJa. . (jjjL-aiLa 

:AjjLjjj^l j AjjIjujVI 

J 'o j J 'o y ■> 'o 

-\''4 +co Jt = \' ,d ^dt r^jJ^SH (6-3.5) 

■"o J, a at 



J h , J 'o ; J h 



-V 4 m Jt = f f/ —a ^lj' ^-sa (V - 3.5) 

J h J 'o dt 



dq 

■o dt 

(jjataLuall J A j^aJI J«J Lai .AjjLjliVI <JkaJll ^ t f J cAjjIjujVI <JiaJll ^ ? Q (j' 

.[tl] (jijfijLuJl 
^iLuai! laliaJl 4llbu> 2.3.5 

4j1Lui1I AiaJJI jl^La Ala La. jjko Aja. j-all AjaJill jl^La Lg_j\j <^r AjsLuoII AiaJJI i_ajaJ 

lA-ajialall 
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q=q+-q~ (8-3.5) 

i *\\ A W .tW SjLjalalllj 4j_>jaJ1 (jilljlx^ll 4jIj£ ^ 1 Vt< aj lift j 

Z«* "I>, +<7 ge „ "<7 cons =^ sys -^o ys fc~a (9-3.5) 

* 7 

rla sys 

Zh "I*', + <?ge„ "Scons ="5- = dO-3.5) 

4 ia "< -laailj j»] . (j j^ll (j j <Lo jliLall 4 laSa j a Ajxjoi jj 4_i^ala. ^^A 4js1 ■ .all 4 la uill (jj 
jl (jljIjJJ ;jj"'*' v ui (jl -2aa,jl Jj tig uij i ^llfrli "* jl (jj^J oAa.1 j 4_JUj 4 ia uj jl a.la.1 j 4ja.j^i 

. dlUajuill (j^i ^jj *1j3 jl OJ^ ** "J^**''"11 



2jjjlaJ| 5 h<» jl^j (AjleliiSI jlaiall ^fl .aJjSII JaliaJ j 4 ia uill Jaliajl 4_,Lij ^3 (Jab 
Jj.la. ^^ic. j_g jjaj (jl AjjLiaj^II (jJja.Vl oiA 4jjl ya 4jjlx_al (jS-aJj . JJ»"'"> (jl ^jlxaj£ (_>aja J 

.4jj1j ts Lj 4_a jjaiall 4jl£l| 2Jj£l| V] j A}l_aJ 

(_jjja.1 (jjj£jl I /'I ,' (JcliS jl Calais (jl LijIj^)^ e 111 a-all (_>AjaiU (j^aJ cAjUi-o _jaj ^j^C-j 
Jj-la. ( _ s Jc (CjpaJ (jl <JUIj 4aa.j^il1 '"'I ia uill 4_ijlj»a dlV^ljt-al (j£-aJj 2 "ij^ ,* ^ 
a jl JaliajVI ^J^lx-a JLaxloil (j^aJ Ijl i4jj1j AjSl i *-1l 4-ojlilall 4jaJi jl Vj K^lglmlj 



jl jj i9 _ 3.5 2Jjlx^ll (^L-^j (j-o Ajal ■ ajl 2 ja *-1l liDlgiJ jl ill jj (jl^-aj (Ofc jLaJ 

Ajal i all 4jajoill (J*a_j c4jjLjj1« 4_xi jlaioll ij.ll jlall ijlLJI j 4ja. j^ill i "'I ia uill (jjSj (jl L_l ja. j 

: I jhi r-\ 2-ajialall ^3 'i^ljILall 
4 gen =4 + ,ge„-4-,gen =0 (11 "3.5) 

4 ia ujll ijxaj tAjjl uiLo 4_xi jjalall ^ 4<lg'i, AjILuJI j 4ja. j-all dllla uill (jjS (jl t_lja.jj 

•1 i I jii-a 4-a jialall ^ 4£1^1uki31 AjaL-all 
^cons =^ + ,co„s -^-,cons =0 (12 "3.5) 

ia^L^II 4-^ 9-3.5 A]i~JI 



440 



J> 4 -q? (13-3.5) 

JaliaJI Je 13-3.5 3Lbl»-ll 

.Ajkuall 4iaJill 

AiljJ Ja*-o jli 111 1 ■ aJI la Ajjl ■ all 2 *«•»■ ■ *M (Jla-o jli tAJaaaAa 4jjl ■ all 4 la uill jl LaJj 

( _ s it »^ uill (jjJajjj .AjlLuill dllla uill All jj Ja*-o (_£jLuij 4_o jJaiall ^4 yal\ <"'! la uill 

:5JLoi]l j <Ua. j-all i 111 la uill t^lgioil jAt-o 

4 gen =4 + , gen -4-, gm =0 (14-3.5) 
4cons = 4 + ,cons ~4-,cons = 0 (15 - 3.5) 

;4_li l ■ al l 4 ia uil l JaliaiV 4-llual foi l aJjUlaII ~ 1 ■ ai lil 

:4jaL^»ll AAaJill JaliajV AjLISjII <tal*-all ^ It ^ Ij 

P " P I>> = \'< ^dt (17-3.5) 

jl I jJii j 4 la uill Jala jl jLiill jA a« all jjf^J LoAie jljjja.^1 jtiljlx^ill J ihim i n* 

f e S 

4ia.UI '"'1 -*W jjj (Jjill Jc- j ■ aiL l^-a£ljj jli jl a! jjj V <jil ■ all <iaJill 

."Lojlklall j« 4\a.jLaJI j 

AjjLj^I AiUall 4JJI ^JjU-a 4**.! >a 4.5 

Jcliijuj .4_ijl jaJlj -Ljjl ;j^^1 j AjSjjl^Lall Ailiall IgAo j cAiliall ^1 jjl j« jffi (J"^ L&*i 
AjjjLoll AiUall i_ij*Jj ■ a j'i^» II j iJljj^SlI jLiill £-« A.juuJaja allj Ajjljjg^ll JjiaJI 

2jjl j-a Cj^Aju* JJjJaJ (_$ja. i6j 4 jjLaill J AjjI 1J$£11 AiUalL) ^-jUj^ll jliill (j2Au 
SjUall ja ZlAju, jjU'i,,, txialall |i& Jj .AjSjjlSjxll <SLkll Aj jl ja j Aj3£3I AiLkll laliajlj 
(jli c jliillj o^lc (jJajj sjlj J AiaALall '"'1 la uill JAC. j£ CllLajlx-all jl JJ I jiaj j .AjjLjj^£1I 
cJjUji-all j^i ' alkali |A4 (Ja. J (Jnt'n'l V AjjIjj^£1I AiUall <jjl ya <lAl*-al AjjiaJI Aijj^all 

.liA 1^-oASj jl lilj 

J CjVaha £ jaJI j Ji.All tllljLu (^oj .4.5 uill J Ainall <-a jlalall J jlajl 
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Ifria ^ jijj <Lo jiaLa]l Jl AjjLj ^Sll <3Uall (Ja, Jj j . Ig-ia Ig^. jji j <L« jJaJ all Jl ' "'I la uJI 

.<Lo jjalall (j^.^i ;j;^l 
(jj^ La^Jt 4-a£iL<i AJJjaII Aj^lx-a] 4-jL lalllll AjtAi call . <La_jIaLa]l 

vp _VJ/ + YJ/ _vp _^ (1-4 5) 

A in 1 oul T 1 gen A cons ^ V 1 ^-~V 

-Z^J + Z G e 1 ec-Z W/ e 1 ec = ^f" (2~4.5) 



.iojkiJI J AiLkll ^tjj Ja*-« jA dE^/dt j jklall AjjIjj^III AiLkll 

iu jAj t|^L 2 Mt _3 JjA <hlx^l! Jj^a. jiJIj JijJI Jc jV^J j J k (j^lihll j 

j) jLij (J^ "i Jc <L« jialall J jAi. JJC Igio <Lo jjalttll Jj <Jjl ;j;^l SlUall JiJu 

2iLkll Jjx* <-«J*Jj ( ■•;!•'" * W J ^Ijj^SII jjlSaJI (jc 4-aaii]| 4jjljjg£]l AiLkll i_jt&II liA 

^alL 2-4.5 aJ^I lilj 4 (4-2.5 

-5>, +SG elec -EW elec =^ (3-4.5) 
i j at 

4 iu/- > (j^i (Jjj^jII jA AjjLj^SII AiUall liDl^iuilj Ajj!il {_ja±3j^\ jiumll j 
Jj AjjUaiIII ASUall Jj^j ^1 AjjLLJI lilli AlLal (j-o j cAjjIjj^S AiUa ClI JJ^ajll (j-o J^S JjJ 
jjAj Ijl^J iiuaj J^ .AjjI^)^. jj^H 4 ka all jA ^)^l (JlfLaj .AjjLj^)^ AiUa 
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2ilk]l J^jjs cUj1jj^£ IjI Ailtll jj-^j 3j<y.K^ 2iLL AjjI jaJI Ailkll Jjajj lAiic. 

AilL Jl aj<j-.K^ti 

a jjg aj ^ 40 jl jaJI Clla.jJ (JjAjS J Jut'iii* Jill iAjjl jaJI Aa.jjj^]l j 
(j ul a ') (jjilii-a (jjjjj*-a (jj£Iui ^ja AjjI^^JI Aa. jjj-all L_sltjj j .AjjIj^)^ AiiUa Jl AjjI^^aJI 
ojja. A_a.j.l jje ijj^iuJI JiL^aj (_£-la.l £_i^a_jjj .LagJJjlgi ^2 l*-a QlajaXa (!i\fLa jjja.j 
tjj3 -^JJJ 'Ajjlja. Aa.jJ L^M* CS^ L_ljC.^aJI (jl^all ^J (_£ja.VI £jJa_jjj tAj)ia.^ra 

LV^J ' W^j jWj*^ (3^ -^JJ^' Q>*^ (JJ* LS^JiJ ^ * < S''-'.' J^JS^ 

. dll jill (jjAjLa ^j-ajojJ jlg-aj (jjxiuii I 1a 

.!>lla Ajjlja. j! 2j<j'K^ AiUa Jl l^ljjaj (JJa. 1 ■ •- j ,4^',,,* jl Ajjljjg£]l AiLkl] (jLaJj 
(JjjaJj I ■ *— j (j^ajj Aj^jtKj* AiUa Jl AjjI AiUall (Jj^J (jl 2i\^La Jlj^S iilja_a] (j£*jj 

JJC JIjj$£ jIjj JJJ-o (JJa. ojlja. (J£joi Jc. Ufcjjjjjj Ajjlja. aIUs AiUall 

. jljSlI (jai ^ jlij Jlsj«^ jj^uc ^ j i(resistance) A^jlia 

AjjIjj$£]I AiUall ^Sljp Jj*-« j AjjL)j$£]I AiUall jjxjI jYI Ja*-all (jc- j»£l Jill ja. JJ*Jj 
(Jl« A a\ , '-.I CjLajlx^i JJSjJ ^IjjII ja. j_«a.j lSJJJ^-* 3 ^ U" 0 UJ-^ *ll ( J 

.aJLoiaII (Ja. Jaj Jl JJjl L_Sjia 

i "'I 3j£ "II jl 1 * i t m'< «Hj i_i^)XJ Ajj JJJ^I) dll jj^aj J AjjI .'Jfi^l AiUall Qja. (j^ojj 

J i JUj^S JSa. J AiUall ajjIaII jjaj .(inductor) Aj^jajll ^JUijll j (capacitor) 

^/j£a. /) ^ , ( JjJ| . lA'.ll J j mjJajj ^11 JiaJI J IjjjaJ 4 j<njjaal| A*iui^jJ| (jl (jja. 
J Aj j j-^ "II CllliUall ^ J-aa-o £ £ A_o jk-'-N J AjjI .'Jg^^l AiUall jIjLo f_g J^^J 4Ajj\j^£ 
Clll jj^ajll ojA AjlaAd\ (jjjliill (j^i Ajj-o A-aJ . ^ Ajj '— „'J^"'H ^jLijll j c '"'I SjS all 

.8.5 2^=^' cs^ W^^=> JJ 

(jjilaaJ (jjj <L« jiaJ a J l^-a£l jj j IfrS^I g"' 1 "I J ^A-^JJJ ^^-}^)$^ AjUall A£^)a. C— iL aa (JJa.j 

:AjjIj_)^£1I AiUall AjjI j-o aJjIxa] AjLalSjll AjlJj aj| (Jxxiaij tj-ajll j-a jjJjj" aflj^ 



0 k 0 k 0 
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.[L 2 Mr 2 ]jA 
jUIi ua^jjS ^jjlS 5.5 

: Jj 16—3.5 Al^Lx-all tejSLuLa AJU. (J 4-» jlaiall Cljl£ 

^i k -^ij=0 :aJL^ ibJ; (1-5.5) 



La s^ac. Jj ojjljll CjljLull ^ a (jl Jc. (_>ais (^ill jLf^ <— ^>^J^ (j->^ 1 — 5.5 

2 Ua'i tliljLull ^Sl jjj V j .o^axll lilt jjUj CjI jliill ^ <_£ jLjj J ■ . 

.JSIjj 

ojIj J 2 US', j t(node) SjSc J j^. 2 „jlv^\l j i_aj«j t(_j jjjjj^ (jjjls (jjf^i (jj^ 

cSjjj£ AjjIj^)^ CjI jj^^j jj^i 1.1^1 j (jj^J (jl ojl-JI j' aj*J (j^ajj . J^&S jl (jl J' lg_j3 '"'^ 
Jj 31k! .ill till jLull Axj j .Sjj^ajj^lll £jLS j]| j i*il?i<^W j ClLa jlLJI j CAjjlkJI j liJSLuiVl UjAd 
^ j^a_a]l <_£ jUiJJ • £ jaJI J J^a. SJa*II j^Uj ^1 tilt A«J j c4j_ix^]| J jAa. SjSxll 

(jjjli (JAU '<^jaj CjIjLuu .IjSj^i l$ia <La.jUJI j SjSxII Jj 3Ja.|j3| dlljliiJl ^LaaJ ^ Jja SI 

ililjLl!! ^> 4 -?- 4 (JJ^i ls! ^■^1 ^'jLu^ £>«-?- 4 u' J^ J^A^ 

-(l — 5.5 (J*n "'11) ^^>^ 1 "j -^lj (J^-^ dllui SjIj !)1!l<i ._^£l jl (JjI_jjoj 

J ejV'i.n^ll 2JLiJ| jOll (jSJjl AjLLo li* j .o^axll (Ji^JI jLu LaA JJC jJUj ^1 i£ a a (jljLuia 
J (jjjLiill J-jA^a (_5jLjjJ (jl 1 ■ la-j 5.5 (J^jill) (jjjlc-j Jj ^jall i^l J ( ; £j- <lJ 

2Jj£3| (jSJj J'^a ^ _jA3-a ^ jLuy La£ LaLaJ c(/ A ) Ji^ll lilLi jLu ( z' c j Z fi ) ^J^' 

.(m D ) Ji-J J 5JjS1I (jijj J^«-a (m f j ffl £ ) ^ jiJl ^jLu J 
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'a 



IB 



j JiJ olj Sjta :i-5.5 JLuJI 



:6.5 Jlifl 



4 ipjlklttil JjJa 


ary 











4*Jjl j« "Lajlaia 6.5 (J^ Mill laJ :4jLuL4 

1'.-!',=° 

ij +/ 2 -z 3 -i 4 = 0 

■ .jUJLui ^j^JI (_SJ^ u'j 'uW-J- 0 (J^^l l£J^£ <j' J"*^ 

jl j' aja jj^J LaAjc-j .^Vl J' ajatll jA 4j]I t_!Aij jl aJ (_£.a]I lia. jll jl^all jli cAjjlgj 

7.5 ij^nill .Laj'j ULaiLuij jj] j.^-i j^i jljjfLl Lagjli < iaSa j o-lac. jj] ya 

.7.5 JiSlI ij = i 2 = i 3 111 .rfDL-Vl ^ ^ l^ij ^ jUJI Sii ji J\ 
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A ^ nodcB aJ ^ „. ^1 a£K :8.5 JS^I 



^ aaJij jaJ 4_}j-aLic. sJlC. Jl t—lAAjj ^J?^J ul^ 'LlCjSJ (Jj-a jj _^j-aLix]l J Lai 

2J_^-a j-o 4j 3 j 2 lilXoiVl jli '8.5 J's.tiil gi .<_jj^ eJJ ^jj* Lair*. AjjLi 

• Ajjjlgj (j-o J£ lie. jJ^LoJLl JiL^La Aj!>Ij]I lilX^YI oiA ^ (jl -Licjij 

J ^l>sii JjJ (j' <_s^j W 1 -^)^ ^ J"" 1 J- 4 ^ liDLuiVl ^jic- jLull i— a^yuijjS CMf^ JJ'"JJ 

= i 2 +i 3 +i 4 c8.5 JLill AiuJ SjJ Jj . Lie j& <£XJ$\ Ljja ^1 
4j 3j 2 £ jjill s jLJI aljiill s.iS J J .B SjUI i 2 + i 3 +i 4 = i 5 j 'A SjLJI 
CAZ t A!i\iill £■ jjill ^ ^jLuilLi jLiill litj .5j 1 jj£LJ jjJjJ S.i£ Jal 

. 1 lilLJI Aj:lS dJj ^ j jail lilij J 

.Ljajl Lo^j-aLlC. Aj J j-iluiLl ej J ' ina j (j^aJ 'sj J ^j-aLlC tjj-aj AA]_)Ia AjLwal 

.JaJSlI j> Jjill jUioj £-Ua£il j Sjai Jc (open circuit) 4ajjL»1I SJJ ijj^j 
Jjlij (JaLb J j-^^l Joi^jj .£ J^^JI o^M* CLiLujLia c-l^^?.] J Aj*. jiLall Ol J J (_LutLuij 
.aJ (closed circuit) AilLall » J J jjajill Jjill ^jku.n cS J J 

lil 

Jj ja. Jaa * i_sjaj cdlJJ Jjlao Jj Lka 3 ft*.,,.,. AhL*-a H — 1 A-aJ iAhU-a H SI 

jLiill (j^-aJ idVLiJI j » 1 Jj I ■ '— ;l Aj£^a A-a jlalall (_5^)i.Vl J J w H J V] t . ~\kt II (J ja. aJajll 
iilij Jc. A-ajiiLa]l Jj^a. '"' jJ^J lila . jir^l'mll (j^i <C jja a (J^^J J La lillui J jLall 
9.5 (J^ uJI (j^J J^* , ''"SI ^^)^ J cJ^-^ ^jLuS ALaLui Ajjjxi A]jl*-a AjLi£ (j^al iAt jxa J 

.AjSj^ oJiLtl Vila 

AlLaVl S 

CllL "II CjI jj^^j (j^i Ailii-aJI ^1 _jjVI ~j al i aj J -l^jJ J A laAuij Cll^lj£JuJ ^jo AjjVI 

.Ajj jjpSiyi AjjjsJI AjjUI (JJiUSlI Cjljjl j 
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Uj .Cj Bj A jsc. d^j Ajlxuj l^a <Sli- S jb 1-10.5 <_&^ j*^ :4luw 

i 4 =16/ 3 a£>UJI j ./j = 6.0 A, i 2 = 2.5 A, i 7 =1.0 A Aijj** l^a cA jluil <> 

.<] j^a all till jliill tlllALajl JJa. .ojloll ei& Alia a 

AjjlxJI OSj ;(t_J-10.5 Jiill) IfrK j^loxll 

jV0 0 Uj| J jjc. .7 j 5 j 2j 1 td!>L6U (t_a j^jjS (jjjla) AjaU^ll AlaJJI Jili^V Sjl^UllI 

:t_j-10.5 

ij +/ 2 -i 5 -i 7 =0 

jjc. .(jr 'til ctli-10.5 Jliill) il&uW JS*II (j* JSJ 4jjU^> jLuU t_ijJijj£ jjjla tf 

(_jl iLa^io LJal nr. I IaLsjI (jiijjij la] cjjS JJ*- 0 JJC- 6j 4 (jj^Lall (jjjLidll ^^ALajl jl 

(jjjLdj .C saaail j^s jr J^-J 6 lilLJI jIjj (jl j cA oaitll j^i ^ J=S 4 lilUI jLu (jl (j^ajjii 

jLiill t_a_yoijj£ (_j_jjLa 
+ / 2 — / 3 — 1 4 = 0 :A 
i'4+i 6 -i 5 =0 :B 

Z 2 Z g Z y 0 • 
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jSc dCstij d5U,i i*iu, l^a iiJxa SJj :i-10.5 Jl&l 



A SjSkJ! J ja. 4-«jiai»fl JjJa. :i^-10.5 <Jii3! 

'5 

B SAiil ^ jiiiJI :^-10.5 JL&I 

'5 

C Sj**JI Jj^ jtiJ! : S -10.5 Jiill 



ij +z 2 -i 3 -z 4 = 6.0A+2.5 A-z 3 -16z 3 = 0 
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17z 3 =8.5A 
i' 3 = 0.5A 

1 4 =16/ 3 =8.0 A 

Uia. jl c^lxJ! J (jalL 4 ^1LJ jly jl 5LJ lUajjil j] .B djS*JI A SjLJI 

• i 4 = -8.0A J 

i" 5 ) jj jO « {j ^ - Wn B j! (jJa> («i (/ 6 ) !a^.Ij V_j^?-o j a i ^iTi l$iV C 0-13x11 JlaJ <jVlj 
^^jll jajill (j^ajjxjjj .IIjLui C a,V>»N IaUjjS ^^lill jLiill <— i _a*jjjj£ "Ujlx^i (JLaxioj! I IjS -j -(jg j 

; JjaI^-aII ^ j' a i ( .jl ' aa a i Lfljl ■ u Ia Iaij ua 

i 3 -i 6 -i 7 = 0.5 A- 1 6 -1.0 A = 0 
i' 6 = -0.5A 

.C S.&JI Jj B 

.5 '^1 1, ill jLjJ i_lLjaJ AioUill <hU-« J B S^ixJI <bUx JlaxU j^l I aj 

i 4 + i 6 -i 5 =8.0A-0.5A-/ 5 =0 
i s =7.5A 

.B sj3*1I (> 7.5 A aja^ ^Lj IjLu jj J 

AajjIa SJj Jc jLull ua^ijjS JjJaj 5.5 

BjA) it (cdXJ) ^^Ut a*^, Ujjs Aik* Sjb gUfi (^iSI 4.5 Jliall ia. :3JLuu> 

Sjlj (JJJ^J (J^' (j-" ^ J^aLa 4 lilluill (jl JJC. tig uiij "Lajlaiall 1 — 11.5 (JSJill LaJ . J 

s:ui j CjUUjI As. . /j = 6.0 A, z 2 = 2.5 A, i 7 = 1.0 A jk* ajjVI oljLull j .4^ 

4 ^Jg a all dlljljjll 
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.jSe j litsLi Ajuu L$j£ 5a » Jj :S-11.5 jSJifl 



BjAOjj^ Jji* « J J :uj -11.5 JiuJI 



^ jLij <ja.JjJ V 111 tBj A (jjj jL£il 4^.jjLall ejUl ^1 LajVl i-iajj :<JaJ 
(jc. jjxj 11.5 .till j jjc. 4 lilLJI j SjIjII jjc. cjljLiill &s±sj .4 tilLJI 

ij + z 2 — 1 3 =0 :A 
i 6 -i s =0 :B 

i 1 +i 2 -i 3 = 6.0A+2.5A-/ 3 =0 



i 3 =8.5 A 



C eJtoJI "Ujbt-o ^ j^A ajj (j^ajjxjjj 



i 3 -i 6 -i 1 = 8.5A-?* 6 -1.0 A = 0 
i 6 = 1.5A 



.B ejitl! j> jij 5 tSlLJI jlull j(/ 5 = f 6 = 7.5 A ^ 
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.ULUcI cjljUll uUM Ifcis disk ^1 12.5 Jiill ^n-ll SjJ jtsl :^Lu. 

^jlia CjIjIjj (_JjLajjj .(6.5 ^JaLaSI jlajl) \ j /' J j *' (jJJ Ajjljill (jc jUiiti Aii jlilll 

i^ojlx^ 4jjVI tiiljlilll SavSj .Cjljjial Aj«jaij Rj Qj P jLiill 
V .^X^Vl ^jUL tsSLL^ J-aI ./ s =4A, i s =-6 A, i 3 = -4 A, /j =-4 A 
Nils son JW and Riedel :i> 3 iA) jllLJI ^-Llsl; lLu^. kki^ll jS JL-ajl .la.jj 

.(SA, Electric Circuits, 2001 




.jLjj jjLm Ifcja S jb :12.5 Jiill 



:Dj Cj B j A jUI Je. jUll ^j^jA j^ili J&ly :<>JI 

:A 
:B 
:C 
:D 



i 2 +i 5 -z'j -i 4 = 0 

i] ~i 2 ~h + ip + i o ~ 0 
z 3 +z' 4 +z s -i' e =0 



z s z p z 5 0 



2JjU^i jLoJ aS\ VI .Ulaa. l^axJ (jc Sir,,,, CiVjU^II o^A j* JaSi Cl7ijt-« jl 

Ijliill ^jlio CjljljJ ^ J"7" * ^j^t pLij L$^)^ 



i p +i Q +i R = 9 A 



Jjjij c<1Luia1I f_yaj dlUjaa all j Cj Bj A ^flatJI CJ^ Ajuaj "Ujbt-o JLoxiuAj 



i p ~\~ i q — 5 .A. 



1 2 -z 4 = 2 A 



:A 
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-i 2 + i p +i Q =0 
i 4 -i Q =0 



:B 
:C 



1 


1 


0 


0" 


I p 




"5" 


0 


0 


1 


-1 


l Q 




2 


1 


1 


-1 


0 


l 2 




0 


0 


-1 


0 


1 


_ Z 4 _ 




0 



»A = [1100;001 -1;1 1-10; 0-1 01]; 
» y=[5; 2; 0; 0]; 
»;c =A\y 

(J^jjxjj JaJ (j-a (jiiill (j^-ajj . z' p = 2 A, i' e = 3 A, z 2 = 5 A, i 4 = 3 A : ja <-J jaJI j 

^SljiU Li^j^ ojti 6.5 



sys 



(1-6.5) 



jLoui jJk (lOOp) AllaJl .(13.5 JLill) j Aik-J Aik-a Sjb Jlkj 

4joiij Igjlgjjl £3 j-a jA ala il ££j*aj UluiL aJ <U _aj-aj-all Ajjlj^g^ll j - al *'» II (j^i 4X. j^Si a 

S o-all "LajlalaJI eifc (Jai (j-aj .4-ajiaiall JjAi. JJC- jIjj ^jl J*J V '*""*• .' »jW (J 

t 

'•lA 1 — 6.5 Jj^j aSLLU ^rjU-a j Ji.lA« l$ja ja> jj V ^211 

ZG elec -XW elec =0 (2-6.5) 
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JjU AjLj^ AiLLJ] Jill Js»J J Jt aJjUcJI 

j Aili. (Jjli "UaiiaiJ ojl.ll Ajj] jil3 ^ J ^J^* 1 "' '3.6.5 *-lai*ll J 

dllj -IViU A^S^m W^J ' ^ u ^ " ^J^A 3 ^ ^ J*'"'"'"' (jl (j^-oJ (jjjlill liA AJjI*-o jl jjij 

.oJ^XJ-d ^ ji.J (Ji.,1 CllljLjJ 



<ali-o 3 kiuu Sjb :13.5 JiuJI 




(J 



gllx a <Lnl §3 



^Lj^i AilL j!j3 ^-aUxJI 1.6.5 

B 2 Ua',11 J Jljj££ll jj-aill jl£ iB £3 jxll Jl A £3 jaII (j-o Sjjh-Ul 2 * liljaj jja. 

.Sja. j^i (v fl — V A > 0) <£l J*S <-"^ J 'A 3iaaj3l J lillj (j* jj£I 

(jV ' Ifrjl] 1 .'-"'J L^J*^ (J* 4 **-"*? J" 2JLa. Jj-laJ (JJJJ L «all (j-a '■'^£1 jill \' w " (j^J 

j' ^jjjL Jc. <£Ja^]| jxj cjlj^ll Jjjjlu Jc .(jj-aS (jjj3 jc JJJXJ Ajjljill 

xjLjJI (j^ 4il Vj . Jj-aixJI liilj J^A 3 UA^Jfr^' (j^J- 4 ^ (j£ L$J^ if" JWjf^ 

JloJ lg jl 1 "- J-a j' alall Ajj] jill (jl j£iij (jl all (j« j 4 'j» » 4jj1 j3 u 'I .'Jg 1 ^ J' aj*ll (jl J j^ll 
. j^ajVI jl Ajat^^all 4 lafljll J J' aj«Jl t_ajla jj- 4 ^ LiW c3_)^' 



JSijj jLj$£ jj^ic. :14.5 JiuJI 
Jl ^hiVu 4jj1j3 (j^ _j\_jl±11 ojJt 









'1. "1 







® 



SjLSyi .14.5 JiSlI J >^jJI J jL Jt A^kJi ^jijiii j 
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t-ijU! (1 j aJ] jLi-all) ..ill t_ijk]l jlilll J^il .aJUII Ail] jail i_ijJa 

li* j j. ajatil IjlA <^fl Aial£3l AiLkll Ji*^ jbjj ( j. ajatjl I^A j-a (2 J Aj]I jLLall) ■ ■ La. 

I jj-ajx]l ^3 G ekc Ajjljj^ill AiLkll All jj jSa-a ^^Jc Jlla 

S^elec = i 2 V 2-h V l (3 "6.5) 

jl j£il J^JI J llil! jjLaA V 2 jV[J jiJI J (J^-JI I jlil LaA Z 2 J Z j (j] 

.Aj»Jkj-a]l "Uaijllj (2 jl 1) Ajj*-a]l A i-iVl]l ^ j-a£ jjj (Jjill jC- JJJ*J jA V 2 _? V j j-a 

3 — 6.5 Abbt^]! JljiaJ li&aJ lilj CZ 2 CSJ^J Z'i (j' 'J^A^ L - ^^J^ UJ^* (JLaxiuAj 

S^ =1 >2-vi) = iiv i> (4-6.5) 



j' ajatil JJC jLall jlilll (j jfLi I alia j . jj <alxl\ ^ jL jjj Aallaxi]! Aii] _ai]l jA V ^ (jj ' " 
(_>ol jiiV I j CjL) jUaJI Aii] jill £jlia AlLal jxi . jJ»-a (Jjix_aJ AjjIj j^£ AiiUa jj ajaJI J jj t Lis. jxi 

.olJjJI j c (piezoelectric) aaLl^jj^III 

^Jaij Aj3 jJa jjj 4 m Ail] j3 ( _ s Ic jaSlau j- ajc jA 4j]lla]| 4jj]_jill Jaia jj 

^.lajjj .Sjlj ^ Ajjlji]! £jia jaj l _ 15.5 (J^ill j^iilj .La^ilJ (jSiLa]! jlilll eA" jC- jJaill 
.ojl.lU ojiku-a Alilj o.Ha_a Aii3 j3 j2jj AjUiaJI Ail] jill £jiaj Ulc. (oji..la]l) AjjUajfl 

j]aj]l £-iaaj jlilll j« I &a. * I jl^La ClAj j^j ( _ s ic. ^ jij o jjg^j jA ^jJuLall jljjll \-al j 

JllLa jlij jjllxll I As. i -la i all j« jl ^j^j^i . IgjSjJa jjj ASjIxaII Ajll^jill jC 

£il<i Jlljj .Ajjjjj^IVI Cjlj j'sflll j-o Ac a A jajj|_aj ^jliall oiA jjjSj j^aJ Ail Vj cAxjjiall 

Ail] j3 jliill 

.Sjb ^ jLjllI >j l.i-15.5 J^ill 
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'3. »3 



'' _ 15.5 <j£*iJI 
.jliill £jla j^aj I i— 1—15.5 (Jl*iJI 



iJSJjj Jljj^S J i ajc :16.5 (Ji*ill 



^ 4 jV"' <jll»JI Ajdljsll L-SjL (j* jliill 4jS 



4jjLj$£ AiUa *i%iuy ^1 ^ j^l 2.6.5 

t-ijUl ^ jliill (jS-H (j^- -16.5 J^i i all J (j^all J' ajatil JJC Aiiljill jjju J jlijl 
Oaall 'J' ajatil 1 jlA <_>a (4 J Ajll jLLall) <_JUI t-ijiall Jl (3 1 4.JI jLLall) L_L?->^' 

:aJ W elec 4i«l£i1 aSUJ 

"Z^elec =Z '4 V 4" Z '3 V 3 (5 "6.5) 

I^jJJ "Ujla-all aift Jl Jii.1 (j^-aJ 111 c j 4 ^JjLaiJ (jl jliill i—SjjijjS (jjjli (J-" ^-al*^ I- 4 J 

+E^eiec =h(v 3 -v A ) = iy R (6-6.5) 

j' ajatil I iA JJC. jliill (j jfLj \ ""'J**- J • J' ajatJI ^ jla Jc. "Uajl^JI 4iil jill jA V s (jj ■ " 
2 SI UU 10)»*,,.l j i^l 'in II jj£| jjj . (Jia-aJ AjjIj j^£ll AiUall j' ajatll ' j U*"'..'j t lia. j^i 

.(resistance) 4-»jLL»JI ja oLjjjjilVI yi 

SjLall JJC jLiill JJ^ 1 J ■l-S-"'^ (j^oJ Jliill (3^-^ R 4-o jlj^ill M>*^ 

Ajjlia iiU^jjoGj Ifcjlc. Ajj] jill laj^J tAjjl .'J^^ jULall 1 frjlxal (jx j tdllj jjj^IVI (jS^ 4-ajlLall 

jjC. j, \a jlLall jjV jIIaII ,j ( — ) j'-^i' Lall (jjx£ll (+) Jlxll (jj-a£ll qa * '.^ .'".11 

^ (_5jl<JI jliill . R jlioll j*j 17.5 JLill j^jj .(passive) JUti 

. [L 2 Mt" 3 F 2 ] ja U^ij . V/A ^ ls'^ (ohm Q) rJ Vl 
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A/V\— .ViM > j =17.5 Jlill 



J jia 4 luij j c(resistivity p) 4jc jill l$la jlLa a-iLall a \\h a 2 , US jtLo i . i , J w; 

(jl (jja. J ia^Lall 4 Ur-ila. ^ AjC jjll "LajlLall jl . jL-bjxJI IfrajaLi AaIuki Jl <l*Jai]| 

i?=^ (7-6.5) 
A 



aiA CIsA&^joij . jL_ia_)x]l I (■ » Ua^ 4^Lji« A J "LajlLaJI o^Lall AxJaS (J_jia _jA / (jl 

A-ajall La IJIc. j .<_£ jiJ J j-a Jc (jliaJ (jl (j£aJ Upil c4jj.}*-a]l lilXoiVl J V jl ASilxJI 

» &a - <±i jjpSiyi ^Jaj]| J 4-a jliail AjJAxJI 

I (_5jUjiJ 'a-li.j <La jlLa lil^oLoi (18.5 (J^ Mill) UlmLaij l«-a > si j*a\\ CllLa jtLJI lilluij 

i? eq =i? 1+J R 2 + (8-6.5) 

5_4jLAaJ1 j! 'i? eq AJalLaJi <-a jlLaJI ' i aJj j .Ijlinliin <] j-a]| CjLajlLall J^C. 11 (j\ ''"'^ 

,jl ^-.^il |j-a Ljla * (Jaj jll CjLa jlLall £-faa. J jxLJ Jl^a 'a jUI J J J«i-aJ ' i? eff Ajfrliil 
<La jlLa 4iL_alj .AjJlljSVI CjLajlLall (j* Jj£l Uluiluij <l_jj_aj-a]l CjLajlLall AjKII 4 ajall 

.5-a jlLaJI 'a-iLa 2 . US J aijj ^il^J ULiLij 

IAjj^I 2j£>UJ| (19.5 JLill) lie JSJ j^-a jJI CsLajlLall (j* .li*J AjsIUI 3-a jliajl (jiajj 

+ — +••• + — (9-6.5) 



(jjSj Ajal£-a]l <La jlLall (jU tjliill (jS^ e-lixla ClIjLuia j3 jj AjCjilll aL^SjII (jl Jl I jiaj J 
^iaLaJI A^.Lji-a ejLj LlC^)ij A-a jlLa AaLjalj 4 L£ uiall J <La jlLa jt i r^l (j-a jij-al Lajlj 

dlLajlLaJI (Jljia.lj a ,vi» ^11 CjLajlLall ' " U^i,,.j* JxJ ."LajlLall 'a^La Axiakl ^jl > >-\jxl\ 

.CjIjUI (JjIsj CjIjJ ^a! (j-a Ajal£-a ia jlla Jl Ajcj&II j AjLuLull 

.Ujj9 jLaJI jLull j AjlHaJI 5-ajlLJI Jc. AilkaJI ijiljill jjj a£sUJI 20.5 JLill j^Jaj 

: (Ohm's law) ^ji lO 3 ^ AjlaiJI iXUI ei* j 
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v=iR (10-6.5) 

f jl UJ^* (J 1 "** '"J J -W 3 J^l J^A^ J* ! J (i? "LajlLall ^^ic. Ajlla^all Ajdl jill jA V (j) ' 



.ajjUoj ULaiLiu ^jUljj^o [jtLajLLo :18.5 Ji*Jj| 



L- . 


+ 


— Ri« 




i 





.AjjUoj LlCjiS (jllljj^a (jtLajlLo :19.5 Jiuill 



aji (jjjliJ ^ya-lxiajJ jiJJJ :20.5 (JiuJI 



4j£ jil] (_i jjS ^-uiSliaj ^1 jaJLud 3.6.5 

Ajjljj^ill AiUall Aj jl j-a Aj^bt-a (JLoajjoAj Alia Ajj] jill t_a ^1 (j^-aJ 

2iUa £iia ^ k_ilbj ^Jill 18.5 J^ill 2 J ojjlll Jc. .Aust^all 2 ja *tl iilisjl aLUxj 

A_l jUaJI (jl • V B J V ^ U^'/'^j'^ I J}' ^ j 1,^'"^'"*' (jpi J)"*» J-« (jJJ-ojlLoj ( V bat( ) -^-1 J 

i lua J A-a jlilall J J.1&. t-ijajj .AujIj^)^ AiUa (jtLajlLall t*ilfriuij j tAjjlj^)^ AiUa Jjj j' ajc. 

ijl 2-4.5 AjjIjj$£]| AiUall Ajjl aLU^i Jjl^J cojSi^ 
E^-JX^O (H-6.5) 

iv ^~ iv A ~ iv B =0 (12-6.5) 
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(j^oj 111 tAilaJI (Jjia Jc. lIuIj jLull (jl jLull <— S (j^i ^Jaj Ujl lilli J] ' al ■ <aJ 

:JI ihU*ll JjLkl 

V batt- V A "V,, =0 (13-6.5) 
tliUa jj^J ^jjaaJt ^jn all £l Je jj^uj fj'll\ AJjljill lJjJujjS jjjL2 4taL*-a]| oiA Jlaj 

: JVI J*s kill t_i * . 'L« j-ac j Ajk^a jLuu <UlL« Alia, ^ AjjJ 

Zv elements =0 (14-6.5) 

loop 

J (3li^ jU* ^ (loop) AikJIj cLoljal j^Uxll Je AiiJjslI .Ljja v elements j] ^ 
L^jjj ^ n ajo! jill i_i_aJijj£ jjj^ <3«U n tlili Sjb J .SjIj 

. IgjJaau jjt Uiaa. 3 13j i a e SaSi <U jlst-a H — 1 

'ijLjjLi 3 ■ Lall Ailljill i_j^)Ja J)j 4ja. J-a ojLSLi Ajllxll jill t_SjJa jLuij ilijc. 

SjUSI ia. t<flla J _ail] i_j <UjL«_a J a -JjiLa jl 4 lajl ft \; laj] j .AjILjj 

jLull jl£ lil cJLvaJI Jaloi Jc. .<hlx^JI Jl I jK'lj jLull Ala (Tjaj jJI j. ajatil <_«jia 
J (Jj-aaJ La jl JC- Jc. 4l_llLuJI Aijia Jl ' ■ '7- y& 4ijla (j^i j' *-'<-- jJt aU II J UalLa 
t-ijJall qa jLull (jSJj (jlS lilj j' ajatll lilli Jc. S'a'iU^II ji]| ^jia 1 ; la j tA-ojllall 
IjlA Ajj] j3 £-aa. ' . J ''LjjLWjll J J' aaj La jl jC- Jc. < j' ' ■ la yal) t—Sjiall JJ L-lIL Jl 

t_a_)ia]t Jl L- llL "II L_aja]l qa jLjdll j-aj tAjjljil] L_a_$jijj£ ijjjLi (jj^aJ (JJa. j j' ajatjl 
J 1— llL Jl i_jjia]l Jl 1 ■ la _j-aJI L_ijJa]l (j^i j cAjjLij^£ Ailia Jjj j]| j l <al 'ix \\ J ■ . la ya\\ 

.AjjLij^£ 4iLL cSSljiui Jll ^^LixJI 

Ahu n\ Aj\i 11L n1 SjIj Jc Aalljil! usj^ijjS ujj^ (jj.ih* 7.5 JIjaSI 

dj^Jj j ^ila j> <_ilbj Jll 21.5 J^ll J a4jJI sJJ J Jijl :5jLw 

-v B =120V, i?j =20Q, i? 3 =10Q, i =3A:l«>u ^fifl oULull .oLajlia 

. i? 2 L-iLuiaJ i_a (jjjlS 
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t> aiji* sjj :21.5 JiAll 



Ljjjlic oLsjLj i_$J^ jLj^' (j' LJaLutl cAjjljsll i_a_ajuijj£ (jjj^S (jj^ 3 ^ 

E V elements =V fl " V R, + V J? 2 " V * 3 = 0 
loop 

J*J o^Jjlia ojLil c<C-Luill t_ljlac oLsjIj 4llaJI JLaxiuil (jj^ 4jl Jaa.V 

Lai j . AJ jlx-all I *(;"'/' I j3 ^-a^j j AiUall (jj.ll j-a (jl j- ajaJI (jl jA i»J I i] i R 2 J V g U-'J' 

fj' <j_J^ (JLaxHuil I jiS aj j 4 ala jl iJjJa cs^ 1 " ^-M-* eAii (jl jLjjll *— U->^ (j -0 (^*^ 

Olajliallj Oljlull jJi (jc-j civile. AialgJIj j.r^l it II (j^i ojljlall dLuljill (jc 4j3 (j^ajjajllj 

. _/? 2 L-lLuiaJ <La jLt_a]l 

v B -iR l +iR 2 -iR 3 =120V-(3A)(20Q) + (3A)i? 2 -(3A)(10Q) = 0 

# 2 =-10Q 

V Ujjli t^Iajuij JJC. jj^aLic CllLa jlLajl (jl Jl I jiaj j jl 10 AIIIxaII i? 2 "Lajii (_g jLoij 

lulj 4 — 30 V (_5 jUjij aS\ J^jj /i? 2 jl aLall L-li A jSj 1^<^'..*< (Jj AiLk j] jj 

i? 2 S 4j_ajma-a]l 2LajS3l <"^;. J c21.5 JilSI J j? ^Lulaa Luo£c Ijjj .4i)Ua R 

Ajjljill (JJiULa J ' ■ uill j ' ■ la jxil (jj^ioJI jl <-a jli-ail AjlLai <-aj3 os.lj3 (jj . +10Q 

. i? 2 J jJa Jc \ ir . ^- i j jja. (jjjoij£»-a Ljl£ (jj-aSUI (JjS tiill 

(jt ^UJI UaiJI jA ^ajl (j_aj15 J ( —S >*^J^ J _ajla (jjJiaJ (_ji 4_uiJJj]l UaiJI jjLua^ Ja.1 (jl 

eiljJal (j! ^Ic.1 j£l .CiLukall jjj^j 1$j2 J' -^j ^ CjVU. lilajiL-ai j5 .cjljLSyi 

Jja jLull (J3jj oUjI JJ^JJ SuJaiklaJI CjLuljill Cjli lilljj AjlUJI CjLuljill Cjlj jjL-aLuJI 
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(j^i J£ (J -lc AiLkll j^i Aj^Ln-a (jjiLaJ iji^-J l _ 22.5 .all) Cjlik. s^C. 

J! 



■vw 




Sjb oUkll c£L£^ : 1-22.5 Jiill 



4 ajJalall JjA^. 



'B f R, 




ft 



D S-lse 



B Sjsc 



i 1 AiiaJI <a jiiia :tJ-22.5 (JiuJI 



C sjSc 

"fa 



Jil .1-22.5 J^ll ^ 1 ttkll , JIUI Je, 

aLLcJ 4jLaUftl| Ai^all j .((-J-22.5 JLill) 1 <aIaJU ^jlnlall SjWt ^^Ic iaSS 

: (3-4.5 <bUJ|) ^Lj^lll aIUJI 



dE 



sys 



(15-6.5) 



4_uljjg£ Aalla AjjlkJI J jj j 2 „jU.;„tt £jLa. R 3 jLLJI oUjIj s^-^ lS-^ ;' 3 jliill j 
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. R 2 J R l (jjla jtiall (jic- jllkiUJI jljjaljsll laA V 2 J V j (j) li"a> ' Z 2 V 2 J 
V om <j^J .D SJtaJI -lie. Ifrla £ j cA o-iitll .lie. <La_alsiall (j* AjjIjj££1I AlUall ^jijj 
JJJA -1*J C Sj5«JI ^ji (jjxill V j J ' i? 3 <-« jlLall JJC. Z 3 jLjjII Jj>a (Jj5 B S.lixll (jj-o^ll 
I 3 La Sjj Z 3 V out J!lxAJ A^jJaiall AjjIjj$£1I AaUall jjlij . _/? 3 A-o jlLall JJC. / 3 jLjjll 
.Ajjljj^ill Aslkll 1 AaLJI ^ Jijj V lil tcj?im<i AlU. 4-a jlaiall j . / 3 V in j!i*-aJ 

Igjjj 1 5 — 6.5 ALU-all ^ ^jSlI lilt (j^ajjxil 

h V in-h V o a t +i B V B -i B V l- i 2 V 2 =0 (16-6.5) 
" Z 3 ( V out -V to ) + I B V a " I B V ! " 1 2 V 2 = 0 ( 17 " 6 - 5 ) 

i? 3 j R 2 jAojlLJI jl Jl I jkij .i? 3 3-ojlLJI Jc. aIijUJI Aiiljjll ja (v out -v in )oj t -y= s - 

v out -v m =v 2 (18-6.5) 
: 17-6.5 aLUJI 111 .(jU jJ Jc, ^-^U 8.5 JMI 
i B v B -i B v l -{i 2 +i^)v 2 = 0 (19-6.5) 

igjij A o^Ltll Jc jIjjII t_ajjuijj£ ijjjts 

i B -i 2 -i 3 =0 (20-6.5) 

t^cjil (jjJJji.V (jjjl^la-all (j-oj 

Z > B - z 'b v i" z 'b v 2 =0 (21-6.5) 

:tilj ilji-a (^jLuij V z B jliill 

v B -v,-v 2 =0 (22-6.5) 

Jc Ajo^j (jjjjaJ (j^ajj . 1 AalaJI ^3 Ajjljill t_i (jjj^S (jC- Aljla-all ajlA JJ*J 

j] a^Lj^ii Aiiyi Ajjjj aA^uui aLuji jji^ «ia .1-22.5 jiss j 3 j 2 ouSkii 

.0 AlLa. J <La j]alall Cljl£ lit Asia J AjjI jiil i_i j^JJ^ (jj^^ 

jU yjii S Jj 8.5 

(jiLo jlLo (j^i (jjSjj j . jliiil ojl^ l _ 23.5 (J^ uJI Aiittll 4 L5 uSll ( _ r Ajaij :4JLut« 

jliill jA jUllI Atjio j^i (j^ajxllj .jLjjll ^ila ^-o UlmL aJ j tLltjij Ix^i jill jj^a j-o 

jlij (jjj Ai!>LxJI jJJj to jl Jill A-o jlLo (j£ ^^ic. (jljaall AjjI jill ' ■ >...■«. I . Jj£>\ jl jjj. —«-. ^jic. 

.(jiLo jlioll AjjUaJI 
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si* J (j n'^K ^jlu J 1 Vl^aj .Lfc.3j.la. JJC jLii j-oj V t " U~s 1 ojl.lll <Lajiaiajl ^ 

4-a jlalall oiA ^^it Ajiil jill i— i ja2jj£ (jjj^ Jjjjlajj ci_J — 23.5 (J^joJI ^2 (j-jf* jA La (j}3 j ojljlll 

iSjSLabJ 4JUJ Cilj 



V B -V R = 0 : 1 SilaJI 



v B -v s =0 :2 <SLJ 



(JjjIa (jx ^ » .i? 2 j i? t (jjlo jllaJI (j« JS ^^ic. JjjIxaII AjjILJI AjjIjS jA V B (j) 
Ajaiii jA Lit jij (jilljA^a jxi (jii-a jLLa ^^ic. jill Ja jjA (jj I ij . V fi = V ^ = V R (jl (jiiljLt-ajl 

.(jjJ-ojlLoll *Laj3 (jt jlaill ^-laSJ 

laj (JLaaiuiLs (jjia jlLall (.SjLjJ t— ll iii-s lij£,aJj 

V B = I 'l^l =i 2 R 2 

Ijiajj .(llj-23.5 (JSjill) _/? eq <Ual£« 4-a jliaJ i? 2 J i? j (jAo jlLall (jC ^jualatluiVI (jS-aJj 
:Aj3l£-a]l <La jlLall L-lLutaJ 9 — 6.5 "UjLt-all (J aatAuil 1 "^"J tLic. jij jjtj] j.rn j^i (jjiajlLall (jl 

1 1 1 tf.+tf, 

- - + - - 



D 1 2 



JJC j^y (_jill 4_uiij jA i B AjjI iajll JJC j^y ^ill jLjll (jl jLjjll i_Sjjjojj£ (jjjLi (j-a ^litj 
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. jLj3 ^jis sjj : 1-23.5 Ji^JI 





jjlajlU (> S^Ui^l : i^-23.5 JiiJI 
.4jk\<u» 2L,jliu 1-23.5 JiSlI ^ 



; ^ i".^a\l t ^j^ajUj ^ . . I-.'. . 



z 

loop 



V elements =^ B "V s =0 



v „ =v 0 = = 



l- £l 2 



B - R "B"eq ^ + ^ B 



R 2 R x +R 2 



j*. juui (JjSj ijij ,ub jii o- >*J ^7(^1 +^ 2 ) j ^2/(^1 +^ 2 )^> ^ d 
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jjjlojS jLua.Ua c jlilll ojl-ill oi* £JJ*j Jliiall IjlA J^-laJj .AjjUaJI jlii ja JSI (J£ 

(jaaa ojl- * i — *' aJ jjiajl£aU jii-aJ^La 

jSjJ V La Ullc.j I IjtoJ .lull dlljlj (JaJ U-o Ajjljill j jlsjll i-i ^gj jjli JLaxiajl (j^-aJ 
<LaJ (jj^J i-i jjj t(JL\all Jjun ( _ ? ic. .ojUl Jjftl 7- * L-lLuiaJ 4jil£ll ClV ^la-all o^. J jJJ jjlill .1=J 
(j_ajli JLaxiuAj Ulaa ilaiuia C^i Ajua jSjJ ^jill dlliilaj J^C- l&J-iC Jjji; <U Jfra-a clll jlij 
(j^ajj . CjljLiill (jjj 4-ial <Ujl»_a jj3 jjl jlilll <— ijAj^ (J^utLaiJ 111 J^l <— S _J^JJ^ 

(J^ijjS ^ >ilil <3 jii* JUiiu.1 9.5 

.1-24.5 tj^ill ^ Sjl^ll ^ UJc. AiajUJI Ajjljill j A-o jlLa j£ jlij L-lmaJ :<Ului« 

:JaJI 

^J . a->"l . 1 

.Ljjlt AJajLjJI Aiil jill j "Lajlla (j£ jlij t IuaI (l) 

oUUjI l^ cj/A Aiiljs olik d££ ^ sJJ u-24. 5 JLill j^ :Ja3aa -« (-.-) 

dllSIaJI lillj LfrLajJa ja j SjUl j.^il Wj "Lajlaiall J j^a. Ui->,* .IaLLsjC.1 Cllljliill 

JJ^ .2 

.SjSLuba ilia. ,J ejUl jl (j^ajial (I) 
A (J-axiuil :ClllAa._«ll j jj^)ll j Cllljjiiall .<LiaL_ial CllLsLu -la.jj V :4jaL_iaJ CjLiLu 
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R , = 3 a t> ^ j*- '» J-> = 1-24.5 Ji*iJI 



i-ii — 




^ 4iS^ aUk :^-24.5 JiiJ! 

.CjIjIjj]! diULaJ^ AaLLjjc.1 i—LjIxj 



Node A 
I AV j 



:0-24.5 JS^I 



<hl*J1 cjljkl iSjSloui <1U ^ jhull lit <d 14 Uil V] .3-4.5 ^Ijj^! 

^ ^ elements ^ 
loop 

18-3.5 AiaJill iiliajl 4hU-oj AjLiUlU 4»u^<ll aJ I jllj tajq'i.na 

v =?7? 
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v b ~v 1 -v 2 =0 

V B -V!-V 3 =0 

v 2 -v 3 =0 



• ' -ll ■ aa II 

(jjjli A\blx^i Aj1j£ UiLaJ lil tajVu.i^ Alia. A-a jJaia ^ ojl-JI ^ Alia. j£ • 

:1 4iki! 
:2 AllaJI 
:3 AikJI 

L-ll,ii^l Ajllia Ala. lilt j ccJjaW-o J C^Ajua CL^\j A^ j aJa j J jV J^JJ 

(jiij] lilj t2j 1 jilLlx-all (j^i ,ji (j£«J 3 AjUaJ Atal*_« J Vj . <_lj\_£lS jill 

Alal&a jjc. (jVI ^"'^ aJLulaII (Jxa_j La I^Aj 1 jU^, i a a (jjj]jlx_a (_$ LiA Lb-ll 

Ajj-a ^^ic. J j' aaJ3 j» jl (jjjli j jlftH <— S U->^ (JLaxioil 1 ijlc 111 .t_ajj*jll 

. JjAla-all L-lLuiaJ CllY-Aa-all (j-a 
(jjjla (3fiaj j i^ - 24.5 (J^jill lis j USal yr.\ ASjxm jLull dlLkLajl Jw'ini • 

:(o-24.5 JLill) A SjUI jLuB ciys 

CjVjU^II (jit Jjj^aai] .Lka. 3<a*..^ ClYijt-a (jjAla_a Ajjlji jVI Lu^l • 

v 3 =z' 3 i? 3 iV 2 =i 2 R 2 tv 1 =i 1 R 1 

CllLa jlLaJI till jLu jLaJ ^^jll A"i . nil (JjaI a-all L- iLuia. (j^-aj (Jj^jlx* J)_ja.jJ • 

JJC- .Ai jL a-aJI Ait.li .all < I friASS A*J L_li\jLa dlVjl*-a]l o^A (JaJ (J i ill j .LpLjdl j3 j 
'i jLil (j^i A mflj i_j_)UI ,j <U a all aja]| (jj^J ' " Ija J 1 j"'^"'^ ojlfc] L_laj Ail 
I^^jLj La£ A-a_oJx^JI ^aJfilLl (_paJjxj]l AaJ OV-ilx-all ^ .' ' <aJj .oIjLuiaII 

v b -v 1 -v 2 =0 => Vj+v 2 =v B =10V 

v B -Vj-v 3 =0 =^> Vj + v 3 = v B = 10V 

z, = z 2 + z 3 => z'j - z 2 + z 3 =0 

Vj = z'^j =^> Vj - z,i?, = Vy — z'j (5Q) = 0 

v 2 = z' 2 i? 2 =^> v 2 - z' 2 i? 2 = v 2 - z' 2 (7Q) = 0 

v 3 = z 3 i? 3 ^> v 3 — z 3 7? 3 = v 3 — z 3 (3Q) = 0 

: AX — y AjjV! Ai ji^aJLl Aj-aUl CjV^Lx-all o^A JAaJ (j^-aJj 
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1 


1 

1 


o 


o 
yj 


n 
yj 


o 


v 1 




1 n 


1 


yj 


1 


0 
yj 


0 
yj 


0 
yj 


V 2 




iyj 


0 


0 


0 


1 


-1 


-1 


^3 




0 


1 


0 


0 


-5 


0 


0 


h 




0 


0 


1 


0 


0 


-7 


0 


h 




0 


0 


0 


1 


0 


0 


-3_ 


J3_ 




0 



»A = [110000;101000;0001-l-l;100-500;0100-70; 00100-3]; 
» y =[10;10;0;0;0;0]; 
» x =A\y 

x =7.04 
2.96 
2.96 
1.41 
0.42 
0.99 

1^ s'\\ \ .4 

• z' 3 =0.99A «i 2 =0.42A c/ 1= 1.41A <v 2 =2.96V t v,=7.04V 
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(jj .l^UalLo ajULuIIj ajc jisJI oUjlLJI J jlkl ^ 9.5 JUall J=>J aWI AijUl 

;9 — 6.5 aJjIx^Hj 1 a^Jjil^a i . >, ,,->,*j cLtjij (jtjj j.^i ya R^ j R^ (jtlo jlLall 



I 1 1 _ 1 1 



i? eq23 tf 2 tf 3 7Q 3Q 
^ eq2 3=2.1Q 



:<i£&l CjUjILJI j? ^UjlLall jjfi 111 . J? *-a ULiL 



^ eq =^l+^e q2 3=5^+2.1^ = 7.1Q 



lAjjUaJI JJC jLall jLiill OJ^J 'fj' U->^ (JLaxJjoiljj 



V B 10V 1 „1 A 

i„ = — = = 1.41A 



. JjjLuJI JaJI £-a Alal 4 ajflll 

Vi = i iRi= (1.41 A)(5Q)=7.04 V 

(j^aj t3 J 1 ^j.f'°^ ^ <_s^ Ajjljil] i_a ^ujjj£ (jjj^J (JLaxiuAjj .JjjLJI JaJI Alal ji« 4-ajS 



ePj^iLT Ojjli 4.6.5 

IjuajI jl-iill jjoojj ( A ' ) ii 4 > a Q ^ ,J ■ jjl ^ t " l yt/n i ^ \ a H i " )| , ^a 'i l ^j^a j^jj 

^jJc L_lUa3l (j^aJj » ' aa II jLiill (j-a JJ» ' a « ja. lj' ~~,'J ojjla-a]l A • ajVl 

J?- i all liA ( _ s ^uaLij .jliill I^J oJja-all .'Jfi^ dlljj a£3l J;-^ ■ jj j ji^all j i-iljiaVI .ll?. 
f Lj^S kU-^ * tjj-ajll AjxjIj djLjja-La Jii Jc I— llii] jjJI JaxJ t4jjljj$£]l L_l3Sll ^ Saj^jV 

.(electrocardiogram ECG) <-i^ 

jSjjj AjI il jlaj ial j Aj-ialj-ol j aja uS <Jjl .'JS^^ (— llall A U 4ja|^o Jc-Loi ^j| jjS^iJ 
^jJkll jj i aSIl j ( i ■ llall ■ 'a J l^-Lo ^ alia a AjJi (J£LA« j aja uiol CliLajlx^i ' ■ llall s.Ijj^£ ^-^--^ a 
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^Lbjjll j iioLil) ^Ull (jLi>ill oLkkj c(arrhythmias) ^LkijVI ^ j '(^il^l 

pericarditis or AaJall <L^*1I i_il$j]l jl jj-atlll si-g^ll) ■ ; ilall j < ■ . -j;^^ jjc. 
^ j tAjjljj^llI aJSUII cjU jJaxial j ^cardiac arrest) ^c&Jlj ^myocarditis 

. t . 1V1II (JaC ^lii' CiIjJjj^]! (jjljJ 

<jS Jfjjjl dJi«J i_JS]| «L.j^£ jl^a. i_jUa& AxjLill ^LLal l i_i 

*££JI >Vl Jc ULsi l >j a a j ^iS (t-25.5 J^Jt) (Einthoven's triangle) 

(jjj jM\ jjjj j3_)ill (_>uLi3 (j^-aj 1 - ua ^^jolJI (JjLuJI j i(_J^>juiJI ^1 jill j c^^j-aJI ^1 jillj 

(Jjua jjj -(m - 25.5 ij^jill) ' ■ llflll J Ui->,* ^^jll (Jjl jjluILj UjIj^)^ (_5^)jaall JjLjJIj ^^jjjiJI j ^^-laJI 
i ■ llall dlljLil (Ja i aj i ■ llfljl s-lj^)^ SajJaaJ jlfra ^1 i ilL a 4Jaml L-JaS JS 

I (jiiULal! (_>uAj tiJliLall tjj.'"' cs^- ja-Jaaall jl g a £a 4lli_a ojlj i_lliaaVl (j-o ^jj (J^ UJ-^JJ 

L^jlc. (jf^aij (jl (j^-oJ VI iCjLa jlLall j liEiLuiVI (j-a "SP^- 4-»_jiai« '*"'*' ".'^ (jl ^ * a 

<— (j-LoJI plj^ll) <ali-all (jij^jjj] dJia Aik. ^1 t_iUaSVla tUAjyu Uljj^k (Jill ^jaILsJI 

cjjjiLial] ajjIjj^£ iLiii jk (^^iaJI ^lj-^1 < — lJ^)^' < — (_j^lujJI ^Ij^ll 

Ljjjlic oL^jI ,j AilaJI Jja. lilj^jll (jja. j Igjlc Ailljill jj£ (j>^^ (jj;^*' (j^->y lilj 

jil] l_la _jjA (Jj-aJ II (jjULaJI (jl (jj^ '^Jdl j3 ^ Ill J I (jAuiULall Ajd] j3 JlLoj c<cLui]I 

Z V elements = V I + V III " V II = 0 ( 23 " 6 " 5 ) 

loop 

23 — 6.5 Ajjllx-all ' ■ .Lajla-a (jj i "I jS a (_^l Aic (jj-a^ll (jl£ lil dllljll ^jj aSil t_jLuia. (j^aJ 

:(jijji.Vl j/'/'^ j^' aJV^j v jj (jc SjIc 
Vi+v m =v n (24-6.5) 
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(Jl»j (cardiac vector) £l**2JI u>j^ UiLaj i_Jall Uaa^a Jl aatluL 

(j^ajj ' ■ llflll Jxix] .jUjVI C5 J^J I ^ Ul j3 jj <JaaJ J (-jam j3l L_llS]| < . 4 Sa£j . J Jljj 

(j^i (jAuiLiLo uV'^ l>° i_iLuii. aIujI _jj L-Luijkj (jl (26.5 J*^ uiil) ^.'^ ^ Infill 

dil jiiLttllj SjIc jjSj VUa-aj IaI^jI tlc-Lxji <j j£ Jl I j (jjuALall 

(jjiVI ' ; ll laSj i "I Jl jj lAjjlkll ajj-lll Ja.1 j^i ll la-j (j"°J^ j» _jjai^>-a3l (JUa-oll Jl > nl (j^ajj 

jLa 3 alia a dlLa _jl*-o ' LuifL] (jl oL^iiU (jfLaJj . La^jUaSlu:! eOjC-j LagjJal jjjl j (jjJaJI J 
«.Lj$£ Ut-A. * i . ijl Jl CjLa jlx-all oiA (Jl at* idLj . jjoiiVIj (j^jVI 4ajjLaJ Ajjjoiill o jillj 

.(^iaj^all i . i\S J«C "ULa. (jc. jji^II Aijx-o ' ■ Uflall IolJ i jj ' ■ llSJI 

v n j Vj(jl Vj tjlluilja jJc. lil AjjISJI SjjJI (j* 2 ^| J ^LxJill aj^j (jfLaj 

Vj(jC- 60° — j V n l-j^pjjj '(0°) gr^VI Jja-oll Jc Vj^ij ilijC .JLaxJu^VI UjUi laA 

.AcLuJI l_ijUc (jljjj Vjijc 120 j v m ' 'AfiLull l_ijUc (jljjJ »1-?j1-j 

^1 t i*\l jaj-ajlj .^joilLall Cllii] jill <C£\_|]I jjl a^ail Jc ( _ s Ja]l ^IxjjJI LSI ■ u a Jl jJal <_£jLiij j 
J ^^Jkll ^lajjill I.JJJJ iail i na]| (jji jjj -jjc i IiUlJ _jjll jjl a a Jc 4-i.J j-aC Ja jlai. jajjijJ '^jJill 
(^jLujj .(26.5 JSLill) Aj^>«JI la jLtaJ jialiij ALij J ^^-UjJ "lSIjII jjU-all ^Jalij Aiaaj 
^^jjjiull oL^jVI (j^J '0 AcUall L_ijlic oLsjIj V [ jj^ " (jc l ^;l'°^ ^UudJI t-il j^jl 5jjl j 

(_£jLuJj ^Uuill liA Jjla jjiM ^jJall ^Uuill JLka Lai .uisll JajLii jSI JbjjSlI j_ja_al] 

. i . il'all ^U,„ j]| (j jxSill Ljj j£i 

^IsujJI j lLl^IjII Cllliil jill (jjj Ai!>L«JI (jc JJ.'*"'^ Otjllall I _ i i JLaxluil I i <al IjjfLaJj 

v I =Mcos(0) (25-6.5) 
v n =Af cos (60° -0) (26-6.5) 
v m = -M cos (60° + 0) (27 - 6.5) 

.SuoAioJI 1 . llSJI CjLu] j3 (jjjj <aUjI j ^ffll ^Uuill JUa^i jjj dV^la-all eift JaJJJ 
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.olii] jill AaxiLu ^ja ^jJc (JjujILoIIj dLuiUall (jja. J. ^-». < j .IaLsjI j VUa^ liliLu ^UjoJI (ji 

s 

ClVLkJI [> (^jffll ^1 » uJI .Ip&jl CiIjj] jilt ^ik Jalij (j-o ^jj ^1 4_p j^jJI Aju^Vl J jiai 

CjUU jill jjj ULi Sj^JI Ujj3l jl^ tg JSi| g-U^I ,ip*2J J^u^ll (26.5 JLill) <JjUU jill 

lA$$jojT JjjJaj 10.5 Jli«it 



• 0.91mV J) II J^j iO.SlmV J\ I o* 1 ^ 11 .L. sjsi :^L^ 

j^jl AjjI jj ^ Aall ^Lsuill JUaxi j till (jjiLLall I 3 i ajjj j^jII A-ojSII 1 lnr>l 

: (_ja_j^jjj| (jjjls j;;^-"'; III (jjiULall 1 » ■ ajLj Jill Aiiljjll Jc J j' aa il (j^-oj 

v I -v n +v m = 0.82mV-0.91mV+v m = 0 
v m = 0.09mV 
CiSjll J (jiitalx^i (J=>j ^ Jail ^IxjuJI Jc Jjj-a^JI (j^ajj 

Vj =M cos(0) 

v n =M cos (60° -6) 

0.82mV = M cos(O) 
0.91mV = M cos (60° -0) 

lil j 4<Jjl jll S^a. j jlpl jll JUtuAj il^Ajunl] oi& ^c-oUjjll JaJ .(solve) i^jij ClV^la-o 

» [M,0]=solve('O.82=M*cos(e) ', '0.9 1 = M*cos( pi/3 - 0) ') 
M= 

[-1.00281] 
[1.00821] 

e = 

[-2.528] 
[0.613] 
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M ^IxjuJI (JUixiS t(j!iljLa!La La^jl (JJJJ (jl JJC. t jjjj] jbl-all (jijlgj (jjli. l_L/ljLa (JaxJj 

• 35° isj^ 6 ajj! jj i lmV lJj^j 

(jjjJI L_iHall JL«iJj (graphical analysis) <^jL»JI dA^I ^Isj^? 0 j M <_iluia. (j£ajj 

.26.5 J^l J 

^uiSa - ^ajjA 5.6.5 

A^i jliaJI j Oli jjVI (JSJj (jjj a£Xx!\ 4jjL)j$£]I jAl jJall (Jja.il AjjJ^JI AlLaVI (j-a 

(jjjli Jc. ^jjAill 11a ^jL .(Hodgkin-Huxley model) ,JL u£ a - (jjSaJjA ^j>»j J 

eLuuJI (jj-a^ (JJJ (Jjii' £-a Lj J J^> l— 1ml nj J (jj/^ (j' tP 1 " W^rU (J-^J f j 

Is-Uixll "LajlLa £-a Lllu^C-j 4<jjl <ULaJI 

■ = V m-V e ,y (28-6.5) 

Jjali] c L3ul5I <La jlia Ry j tfLiiil jA V m J ' J OljjjVl jLjJ jA I jj uu. 

CjLuj=J] 4£ja-aJI S jail jA V m — V e <JUJI siA J jj^ll JjjS (jj . y (_£.3jLi]l (jn17.ll 
t"h.njj 4J^U-a Jl flthiilj V , , Aj jl jloll AJLiJI UJ- 4 ^ 

j ^ > y ' ' ~ " 

cAi jj! (33Jj * «" UHc. Ju£a - (jA?-^ (j- 0 ^v iL —11 «iA J«»'iii*ij .(Nernst) 

Jm^A — (jjfLi..} jA ^ j j^ij (j^-aJ 4jj (_jl .Ala jlLa L_l jliLaJ g »1 hit 11 AjISLj ^ aatJ j 

i,=«,K-v..,) (29-6.5) 

(j^i j&\ (y m —V e y ) jljLJI (jlS lili .3; ^jJaJl (jjiiaJ3 fLiiil AJaU ^ (jj diia. 

tlljl£ jL^a (j^ jij^al (jl£ |jjj il^jli. Jj A\\\\\ (Ji.lj (j^i (jjjVl (JlSjjl oLajl (jl£ t 
JJC l^jU. Jj jl La AjLk (Ji.b Jj (jja-a jjjl (JSJj J jj dij .AjlaJl (Jkb Jj A£j^J1 

. Jjji^A — (jj^^JljA ^jl_aAij 1 likJJ (jl (jS-aJ IjljJ sLiiJl 
(jU t^L-ll Ua* , ..I (Jljjj ' ■ '1 lajj ■ "I Jj ^ ■ iaa J V (_jl) ojiluia AJLi. J e-\ uiirll (jj^J 1 alja Lalj 

.* " (j^Lii.VI (jl Jj IJaij .s-Uixll JJC jj^jllll (J L^jJj t^"^ S '.j-v ,T. ^ (jjj^l s^C. 
(_3j3 L-lLutaJ '"'■■■'■j'' <ijl«-a (Jl nT J |i nl (j£^jj .^Liill jic Jj ^J-^l 1^* <^? J J^ 

Ijjjx-a (JJijaJ La jjSjJ ^J^J (j-a V e »1 uii 11 (jj^ 
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RT , 



(30-6.5) 



( JlfLall jlill CjjIj j& R j i y (j_j^ui-a]l (jjUaJl Aj jl jiall aJL^JI Ajj]_j3 jA V e (j) '''J 

ji Z ? j t(Jj^l3 uA£ 96485 ) (^bljla dul!i j* F j tAilkJI sjjaj a^.jj ^ T j 

jjJSjI CllLijjl A^jj t!i\iLa .(jjjl (JS ,j 4 jla II ^Lic. ^)jc jj^all (JjA^J (j^-aj 

JiliSlI ^1 ^Jjj j tlgUb ^3 ^1 lilt <J lc} 4jlaJ jT jU- »J >?■ (JjI gj 
£3.1) La liftj iL^jU. Jl 4 j.iiitLj <_JLu AjlaJ Jab jl V] .jj^Jill £J-£ J ji> Jc AjkJI 
^ u «-Tl 1 niji (jj'j^ J""'' S ,'J -jWjfr^ £J-^ J^ 3 (J- 3jRti J] '^J^ 

J I'li.ij'' Ajjla-a ~ j i aJ 4(JliLa3l (JjUjlu Jc. . jijjjLjila Aa.jLiJlj jjK^I CjUjjI UILluj 

: jL la£ jjKl! cjUj aJU 



RT 



e,cr 



FZ. 



In 



cr 



[Ci:] 



(31-6.5) 



I jL la£ ALU-all ^ « i aJ 



V e .a- =6L5 l0 § 



A [Cl:] A 

[ci;] 



mV at 37°C 



(32-6.5) 



I j^La Ajjl jiall AJLiJI J pLiill jj a£J ojLiC Jc. dLwaJjxjll oik s.l^js.L) (J ■ aa j j 
^ill Cr^alSj jV Jtf£ Jill A-b^ clb^xjl t<kauj SjluJI J) JZujl; <d J^V .^jLLJI) 
Jib A-a^oll CjUjjVI (J^aatjj AxjLju jj 2.5 (J J ^ H (JJJJJ .Ai£>l*JI ^j-a (Jjjl 3& —1 (_£ J^i 
j| ^jli. aJ _«a1I (JjI_jjjJI o^j^j^i j_ji£ll diljjjl (jl Jl I jiajj .L^^jLi. j Ajla II 

J3j iUlLoj Ajjl jIaII AjLiJI fLiill (jj-a^ (jj^J iLjJ^lj 'iJ _«^. j-all lilt (j^i ^j^C-l jj^l J±) 

^ jAuiLl jjll diljjjV A^jULa diLil ma s-l^)?-! u^yj •— 70mV j dul£a a"i aji dimk 
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(mmol/L H 2 0) 






(mV) 




Uill Jib 


+60 


150.0 


15.0 


Na + 


-90 


5.5 


150.0 


K + 


-70 


125.0 


9.0 


cr 



Ross G, ed. Essentials of Human Physiology. Chicago: Year Book Med Pub, :<> ^ULJI * 

1978. 



LjUaSiutft Jljj fLul j»jjj>uall i^Ujji jaii 11.5 Jli»JI 

. 250 GQ » jjj jj-all sUil pLiiJI jlLa ^ jLuj j . —65 mV ^ jj^ j.^<11 ol jjS3 «.LiiJI 
^a.Ull jLiill i— iLmaJ 28 — 6.5 aJjIx^JLj » all ^Lu^a — (jj^.^jA ^ij^j (Jot'iiii'ih) :J^JI 

LjjUaSluiVI (Jjj pLiill (jj" 0 ^ LS ' " J J *JJ 'j'"^ <— '^J^l tJ^Jj (jc. 

ajj ij i all "ULa. ,j s-LoixJI (jjljJ UJ-"^ ' ■ ^ ' ^ <]jl*-o Jnt'ni'h nj .V — 65 111 V 

(jl (_)Ialjj2lj iAajj .2.5 (Jj^?JI oUaxx Ajla II ^jLi. j (Jilj ^jj Sjj^ajl jj£l jj ^ajS Lolj 

i^jLoli ^LiiJI (jjljj '37 C jLuij -im^ll 



v + =61.5 log 



mV = 61.5 log 



r 150mM A 
v 15mM j 



mV = 61.5mV 



= -5.1xl0 10 



Z Na + 



V '«~ v e ,Na + -65mV-61.5mV _ . __, n mA 



Na + 



250 



channel 



Jljj aJ^i l(^m 2 Vi-sIim <_5 jLuu ^iil cLiill jjc. ()? K3I olijjVl j 



i + =-5.1xl0" 10 mAx75=-3.8xl0" 8 niA 

Na + , total 



A 10 12 pA^ 



V 



10 3 mA 



= -38pA 
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cjjjjj-aill (jjs ji Jl I j^ij .-38pA lJlL&J^] Jljj 4J.11 ^ l|j,m 2 L^io j£ 

<joL4xi<JI A j i ill i nV I clAj jjVl liljlui (jj-aj^aj ^j^ojj ."Luljj^ o jl.li A \\ f.\ /jr. A^Xoj (j^ojj 

AjSxjII Jc till ^ j j-aill J t<la uA\ j ji. (Ji« Clsl.la.VI (j-o o JJC.J n - ' II jj^ All jJ J 



jjt Jjl^ll J ^ Jj ' »1j jJI J fjj \j i all <^L)jjl ^ ui (JSJJ j& LiA ^Aajj La j .4j3 l_s jC. jaII 

.<jj1 JJ <]La. (ji ^ j^jaII 4jlaJ s-Uic- 

(_£ jLujJ JLij^S (jj- 4 ^ CjLojlLall Ajluiluii ■ " L/Ll£ (juja. J^ ■ 'Lljjl JjSJJ ^ '"'J 

(j^i t<jla II ^Lic. jjc. jjaijj CjljjjVl (jl Jl I jiiij .ciiLjjj^iU dimj^j jj«£ 

(3ajij a?.jj V cjjl jlll aJU. J LI j .(27.5 Ji^l) Ajtjij »J^' j^Uc. i*j j Jjs«-»ll 

A sA4xll ( _ s ic. jLilU k_a jjoijjS jjjli (jjfiaiij . tLixJI jf. (jLu lj!) 4j j^ ulall dLi jj!>U i aL-a 

/ K+ +/ Na+ +/ cr =0 (33-6.5) 

.1 jq.^ (_£ jLuii s-Uiill jit *1 ■ all jLillI (jl (_jl 

Aijx-a (j^ j . »1 umlII ^^jjL^ (jjj v m (jj- 4 ^ ul^ '(jjj^l ^JLa. ^ji 4jl JJC. 

(J£ (jC AjJalxiuj^l 1 aJ c ( _ s 1ui£a — ^ij-aj (JLaxiuiLlj i y (jjjl V £ (jjl Jjll 

: y JS1 28-6.5 aJ^UJI Jl«i^ 33-6.5 aI^UJI ^ jLu 

v — V + v — V v — V 

m e ' K + m " Na + "' exr =0 (34-6.5) 

^ Na + ^cr 

:33 _ 6.5 Aj^U-all ^3 JjAa. (jc. (_pajjxlll 29 _ 6.5 <ljl*-all Jl a«U 1 ■ ajl lli^ajj 

^K + ( V m - V C ,K + ) + ^Na + ( V » t - V e ,Na + ) + ^Cr( V m - V C ,Cr) = 0 (35 "6.5) 
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Node A 



Sjb :27.5 Ji^l 

CAjjjl jjlj^aJ ^ij-aj 



^ V e , v ^ v 

v ffl =^v (36 " 6 - 5) 

c(siemens S) jninjmfl ^ ^JiJI ^Uiill ^ aJsUII j j) .l^jLJaU ^ aj^jLUI ^lia-S/i 

.^jVl (jjLJi ^ j 



OJljSH *JU ^ 6>»S 12.5 Jlid 

fjSj 2.5 Jj-^l ^ sLkx^ll JjSI Jill J^xU . jjKIIj ^jj^ljjJIj 

.^ Na+ =lpS,^ K+ =33 P S,g cr =3pS:^l 

:JaJI 



In 



K + 



= 61.51og 



^5.5mM^ 
150mM 



:-88mV 



-v = -70.3mV (jlj v . = 61.5mV J <5j JalL .iaJ « 



:36-6.5 ALU-all JL»»Uj *Liill 
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^, V e,y8y y „ i_ v „ i v „ 

8 y 8 Na + + 8 k + + # cr 

_61.5mV(lpS)-88mV(33pS)-70.3mV(3pS)_ co _ 

v „ — — — 82.5mV 

lpS+33pS+3pS 

jjj-all (jl fc^Sf .a£jj»JI (jj;- aa i_s jjxxil Aj^JjJI (jj^ (j«o 2 <j all ^ aj£ll «jA 

(j^ jjSi A_jj ^}>q j-- h JJ^I AjjlaLj jjV ^jJjjAjjjSI (jj UJ" 4 ^ J* »1 tni\\ (jj-a£ 4-°^ (_jS (JjijjjII 

• oy>Vl (jjjjjLill ^ 

ojjiliall 4jt_uUI j a ■ iaJJ ^ iajp ^ji Alia IjA (jl ' a 

t_aL_iajj . Cll-lsJI (j_J-aS jj^ Sa «Ljjl AjlaJI *Lic. ^ Aj jjij oj j£ j 1 ■ ll SaflJ ■ "V I Jl (j-°J^I f 4 
(ja ^jLaj jjj 3olJ £j?JJ> -13 j I ■ iajl J-'*"'"' pLiill JJC. Clli jjYI A^i^Lj (jl ^1 

^jJc JlaJ (_g£ (j" 0 ^ C5^ c ' lSJ^I J ' "~- j i " il * ^jlc. (_£ jjaj I Alii AjjIjj£S> CjI jIj 

.Ijjiiaj jj£I LsO jaj (J at" i ill ni c 1 6.5 (Jlj-all dj-jaJI (jjxSU ojjjtAall AxjjJall (jjjl 1 

fca-ifl Jj S j& - S jjjtUfl f&ifl 7.5 

JJC. ^-jl j ^IjjjVI (jjSjiall a1cLs> S ■ "M i£l jjj tojiluuill JJC. a jJxiaJI <La jJaia]l 

CllVAT-aJI (jjiu I ajja (Jl ajilui^U A-a£iLa]l 4 la uJI Ajjljxi Aljla-a] AjL alajll all j£jj . (jjJjLaia 

JX* -^4 + j +<7 +>ge „ -4 + , cons =^r- ^> (1-7.5) 

k j "* 

Z'/, +< ?-. S en -?-,cons =^ ^ ^ (2~7.5) 

V/ -V/ :aj2L^1I Aj^ll (3-7.5) 

A^ajliiaJI (Jijj ^^jll ^Ajfll i a ^al AjILoi jal Aj^j-a^ A is. uJl Jja-o (jj^J tojjjtAall A-a_jlaia]l 

. (jc I alia a Aj jl*-aJI (jJ/y J j^. j^ll AsJI j jfLi I jj j . all jc I aija a l^ia ^ jiJj j\ 

(jja. ojjilall -lAiU L-iajl AAjiLa (jjSj (jl Aia_ii]l Aij! jja A]jl*-a] Ajlal£j]l AjtJj-^all (jSlaJj 
Ajjl j-a aJjUla! Ajlaliull ■ al\ (jl jSjj .(jiiL^aila (jjjjaaJ (jjj La A^i jliLallj ^LaiaVI 
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~ J? = J? ~jf~dt : Wl (4-7.5) 

•"o J f O 



- f 9 co„s^ = f — dt :^1UI ^1 (5 - 7.5) 

\' t f Y,h dt - \' f S z 'i j? = j? — j? (6 - 7 - 5 ) 



jljjaj (jiiijlila (jillalj Quajfcua <jx jj^J gr^jj^ jj^ajc ^ (capacitor) 4jjla2l 
vl)/'.'"' ^* " yj/'^..'°' a U" 0 * jtj*-aSI A aSl i— klljj j . ^jj* i «J a (jj"^ ^ *» ja ui (jJa. ** la uiSI 
.f.1 _jgJI jLo "Ujlc- 'ijLoJ !iLiJ a jj» > si AsLoia 1 jjj [_}■ aiij ^jjiajVl jl a ill ^j-a (jjljjl jl« 
jjjia 4 3aS _j*J ^ tajSluLaSI JJC. jl a jjilLaSI 4jjI .'Jfi^ -t^itl J sjlc CjliS^all ^a. jjj 

.1-28.5 J^iSI ^ 



/+ +| + + 
+ + + +/ 



111 W uoJ fjlljj-N uua 

Ai^ tiajL-a :u-28.5 Ji&l 

.Aij^ala 5j]L^j Aja.j^i 



+ 



J >j :i-28.5 JiA» 

.4j2Lj<£JI dlJJ 



.<C.^uU Ajj&all (ja iVn t4£&a]l 4ia_ii ja.1 Silia j L <aa jl AjjLLj Cl-aia Ijljj 
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(_£.la.l (oJllc ClAjjj&lYI jj^" cr^') *"*• 1 cJSil !>LaC 4jj£a]| Jl Aill jill x^la jaiijj 

Jt da£ljj <^ + 4ja.ja 4 la uj ' tlP ' " 4jlaC. (JLaj£l (JJ^j .(_gji.YI J) (jjiaj&j-all 

AA-jL all Jt Cla£ljJ jl^Lallj IgJ 4jjLuia <^r 4j]Lui 4jajjj t (jjlajij-all (_£.lal 
a i— 1 — 28.5 (J^juJI Jg iaJj .Lajlj I jqir-i (_£jLuij 4 all J 4jal i all 4 la uill (jl Jaa.V 

• (j ujja uj A^j^all 

(jjj 4iLuiall (jl I jlijj !)ULa. Aia^All ,J 4_i]Luill j 4-ia. ja\\ (jillaujJI (Jj-aS J jj 

£-aj tV AjdJa-all Ail] jill 1 J ■ "I *<" a 1 a^ 1}J Jl .'Jfi^ (JiaJI (jj^J c<Cijlj 4 all (Jajjj a 

V Ailljjll (jjSj iAjHUI 4io£-a]| J j .(_jja.Yl J) j/'^ all (_J.lal (j^ J'*" (Jill 4 la ijll 
•SaX^ll J j^. q 4 ja jjj jl^Lo £_a l^jia 4 lull na Lj-jija Jc <£Iaxll 

<?=Cv c (7-7.5) 

J (jjj j jill jl LjjS jla Jc Sjlla^all 4jj]js1I jA V c J 4Jj£a1I 4j«_ui (^A C (jj t ^ J ^ 
eAa jj .UjUjI j Lpjjj Jc. Aajaj 4ijSLall o jj^o 4-a^ ^ (capacitance) AjuJIj .l$iiajL^> 

.[L" 2 M _1 t 4 I 2 ] 4*^1 ^4 U .C/V yllj ^ill (F) Jl jUll (_jA a*^I 

4 1 . ,-ilill 4iUji-all Cljl£ j cA Lafrla (j£ 4_aLoia Cljl£ j C(jijjjl jla 4ij&all Ua-jjj a lil 

: j I **» i ClilaC-l cc/ I a^ ijj 

C=^- (8-7.5) 



cSllij *8.85xl0~ 12 C 2 /(N.m 2 ) ^jL-yj '(permittivity ) 4^1^11 ciii y»£ Ql jl 

^ L^ai <_5ji.! 0.1a j fy^LajJI Clijl J Jia.V .OU. 4iSLa3l ^jiaji-a jjj Jjualill jlS lil 

• C 2 /(N.m 2 ) yl^^ll F/m 



(j^ij .(^jjljj^SlI (Jjlxll ^j-ajJiJ (jiiajaj all (jjj 4jjlt 4 a-lij a ( _ s ic i "'1 3jS all ^ 
(jjljjl (_J jJIj (JJjll J ^W-^ J *^ cCjUj£a]I (_ji \jjLjj^£ V jlc. IgJI aatluil £jLi]l jljall 

oiA (j-o O^La JLa*lu:l ^ » I j .^Lxillj (jjlilllj (jjjiku Jjallj 
4 a!i£ all 4jtjj " ' aJ ^ ^>jSI 4j jj-a La liA j c'ijLall (J-ataj i^lijljJ £" 0 (jt 4jJaUtluiVI 

(jjj jir .^il (jjga-lii all (jjj 4iLuiall (Jxa. (j-a (j£-aj 4jjLij^£1I J jl jxll ojlA (jl lilli Jl ' '"1 ■ '— J 
4 8l)£ -vll 4juoj o^Ljj Jl (^JjJ 4iLui-all oiA jj» ■ aJ (jl JiaV .t mxi^ljj (jl 
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Aiil* 13.5 JIU) 

lij .p = 25 1/sj a = 5.0 A = ae~ pt a£L. a.^,„ jUs ^ :2jLn 

I i « j i tall Aja. j-all 4 ia uJI jl^Lo jA La ^ 2_a_iL-all AjaL-a 4 ia ua <LaJ (j£j ^1 

V^IjjIlo 50 .3*J Aa-jL ait ^^Ic. ^liajjj 

j^Lij V jLiill (jl 1 i iaJI (j^ajjijj . (Jclij a ■ iaJJ V 4 all (jajui (jl (j^ajaij I (JaJ| 

Ajiaj SXa j jliill jJk Lb-ll (gjll ■ J j .(29.5 jLill) AiofLJ 4a_ii^aJ 2ij*-all 5-a jJkiall 

:6~7.5 AjsU^II 3 ^ JJ| JiUajl ALlxJ AjLISjII (JrtTUnl |jj j isAia-a Ai-ali 




I^tjjj q* yS L-lLuiaJ <]jja_a]l 2J^lx-a]l el la» all ^jSII (j^aJjaiLj 



4 f sys = (-0.2e 



-(25 1/s)/ 



1 0.05 s 



C) =-0.057C-(-0.2C) = 0.14 C 



■ 0.14C i$ 50mS J*J ^ 4-aaljLaII 3 ia uJI jl (_j! 



(jliiaJI Jj> 2_ja^ yjz 14.5 

a aJadla JJC. AjtJ^jjj CjLjjlaJjl os-Lul (J - <aaj ( _ ? a.ljll (jLi^j^jall ^ (Jla. jA (jUtia II :4JLula 
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.AijiJ J£ >j » AiaC oJ jxll Jc ■ ■ llill oj.lL« (j-o %10 £J ■ ^ tjliia II 
tAjjxjoi ^ ja £JJij J^ (jLasiJI (Jjj-o jA "t> j^-^VI e^A (jxi ^jUill ^jtJjJall Aclijj 

JSLi Jc liUaj (j^jjJI Jj /jSj 

/ =4 0e- (500 1/l)( A 
= 0 AiaJll J 0.080C J V s J o^J® 

:JaJ 

^M->"l . 1 

2 a'.< J 2 ja ui (j^ %99 ^JJSj] 4-«_pUI SXall L-ima.1 (!) 
.30.5 JSJill J Ajjxo jklall • UUx, J 
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JJ^ .2 

CjLjjJajj (I) 

.JeliS ^1 Jj (jlii-JI (Jjj-o 4 i-s i a ^JjSJ iS^Ji V • 

• C, S (J it'll nl _j]lj jj-ojllj CiIjjxIaII (d) 

i— iLui^ .3 

4_iLA£j]| A'-y all Jat'uni 111 iojia-o Ajiaj ela Jj AiLjal jliill jA cg ja«-all IAJjIxaII (I) 

:6~7.5 4-iaL-all 4 ZA\ iaMaJ aLIxJ 



f (/ 5>> f r/ z*"/* = f r/ — * = r <i<r 



:sJ L^]l ( M ) 

!•'•'< «J IUj c30.5 JLill ^fl SjjXall 2L» jJilall jlii V <j| lu^ijjal • 

-f' / y/,*= r f!y V ys 

:Ajjli-a]l <1jUla1I J al Lu all ^jall (j^ajjxj Ja«J • 

f ?r ^ = -f'/. <ft = f'-40 e - (500 1/s) ' -dt 
^ = (0.080 <T (50 ° 1/s) ' C)[ = 0.080 e - (50()1 / s )' C -0.080C 

t^UjAVI ^ayc 5JaaJJ| Jj . 0.080 C AiaUl 2 ja ui cAjI^JI J • 

cAjjIUjVI 3 ■*« (jx iaaa %1 <"^ ; , J Jll Ifrija ui %99 llliSa J 4io£J| 

q ; ys -^ ( f s =0.080e (5001/s) 'C-0.080C 
0.01^ ys -q* s = 0.080e (5001/s) ' C -0.080 C 
-0.99^ ys = -0.99 (0.080C) = 0.080e _(50 ° 1/s) 'C - 0.080C 
-0.0792 C = 0.080e~ (500 1/s) 'C - 0.080 C 
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0 _ 01 = e -(5001/ s) , 

t = 0.0092 s 

Aa-uill .4 

.AjjlljL 9.2 A^JI A^Ji j> %99 £J> jji^y MjS^ (') 
Webster, Medical Instrumentation: ) ol jjAlJI Uaj :jSajJI(i_i) 

(jliiaJI Jj> Aiiiix a^A j. J ^Application and Design, 1998 

Jc Sjjla Igjj (c! coj\j!>U aLU l£U>. td^ ^a*l\ j • J ■ a&Vl L£Li. V'* j 

.Ia^)JC. l^lkj j A u'jr-Vl ^ jkui Jc. 4jajoJI (jj^J J-oVI Jjiatii I alia dlUS&all J^c 



+ 35 
+ 10 

1 ~ 15 
S- -40 

c "65 

^ -90 

-115 





' J u;*.,„vi J| jj 






i i J i~;-,..,vi jc 




- 1 1 1 1 1 


0 


1 2 3 


4 




i>jl! 





1 ^ i nl aIju^. A i aj : j^i . JlsAaJI (jj^S (J j. ^-i-i eljjl c-Liiil (jj^S till Jjju l31.5 (JiuiJI 

Guyton AC and Hall JE, Textbook of Medical Physiology, Philadelphia: Saunders, 2000. 
<a.l jll (jj^S ^jLoj .(action potentials) diJaJI cjU>»S C5 ^j ajjLxuS Cil jLSj Jc. 

j^- aJj j A Ai. 11 ^ jU. ^ollj —90 mV j —70 mV (JJJ L> Aj^aatll UMiJI 4jjjic.l J 

.(31.5 JL41I) (...tUy.-Nl ^ aJLJI 21*511 Jj sjjJIj (mU^VI Jjj) 

Jllj tcliAaJI (j-o ALk^yJI oid J .^jAijj-oll CjLjjjL AjLkll (Ji.b JJ*5j 
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hujai axjj .*1ual\ jjc. +35 mV <Ja. jj-sSlI ^Aj^ '(depolarization) L^UaiiiJVI Jl j jj 

.^jJajAj^JI CjljiS ^jijjj (j£/liiVlj ^JJ 'j' all Cjljia lljj l4jjl_ulLa]l jjoiC. j« «-lj^l 
.—110 mV JJ <jla II s-Uic. jj^£ j'^ jjj L-lUaSLuiVI aljt JJ ^jjAiAj^JI dli jjI (jSJij 

^jlJ j«* ■ aJ tAjl g ill (Jj 

g.1 'ill s-lja.1 ol^C- csjIj^U (Jjla *Lic. j« 4 lafli ^ jljlall tCjlaJI (J^^^J 

(iljajj 4j)jjiall c 1^ jj ii t Llll J_jia Jc. ojLSjjI JJ Lslj^i tlAlxJ La j a all 

JaiiI JJ jxi djjaJI dllj j-a£ (j^-oJ 111 ^ S ■ -*""- jl jjJaC jl jaJ I— 1j flC 

cdllaJI j_j-oS> flijlj aatll jlfra.ll ,j Aj^ja. jl 4 j i aa CjLojlx-a J,oaj (_£-lall JJxJ dlljLuiJ 

. jjiuj 1 frjj ^Ua^l jj£l jj Cjla.jlj jV ojjij-o <Lo jjalaJ Ullc 4jjaJ ^Xaij 



diJaJI j>»£ f Lui iSaJill ^1 jj 15.5 <Jli»31 

j a ■ aJj ' - ua ; <Lo jliLall i__Sjaj .AjjjC j 1 ■ ll laSj ■ "V I Jl jj (_£jjla fljjl <-}la ii. :4jLui« 

j* If ja.j ( 1 |J,ni >«i fLiiil j« AjtlaS 

Ji.ll JJ (JSJJJ - jj ij ■ all Clllijjl jl cO.l niS (>jlJ Cj?iH " . laSluiVI Jl jj Jjia *t-lil 

'0.2 mSj»jiJ (jjill lJU*u^\ Sijc. jjL «lij! j . 7.8xl0 15 ions/(cm 2 -s) Ji*aj jju,-i»ll 
. 4.5xl0 15 ions/(cm 2 -s) ^jLii j j.u^l l JJ ^jj^tj^JI oliji Jaiu Jo** jl .laj 

? jjjjjall plfrlil 1*J ^ jlaJI Ji.ll 4_a£l jLall 4j^. j-all 3 ia uill jIlLo jA La 

I jl j tCjlijj^l l$3 j3 tilj^jj <_jll 4ja.L»JI Jc. jL^jiLall JjiJIj Ja.lll Vi*^ l-aJ*J : JaJI 

•A ^ jij Ja.J Jlx-a t—ll ma (_5jjjjJall j« 



7.8x10 



is ions 
cm 2 .s J 



' 1cm 2 ' 
10 8 um 2 



7.8xl0 7 



ions 



:Na + 



.+1.6X10 19 C J 'AjlJ A ia ui + 1 Ujl 



7.8xl0 7 



ions 



1.6x10 



■19 



-12 



c ^ r 
— =1.25x10-"- 
ion y s 



:Na + 



.7.2xlO _12 C/s c5jLuy csill fj^tjjjll jIjj jjj^j jLoJ 4jL1« jaj Jcj 
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ja a}Aju^ <Aal£jll AJtAi call (JaiMuii lilj 4<ULulaSI (j-aj J A_ij-a_j ela ll laJj iSJ^ 

:4~7.5 <r?.jJI iiauill 



J h 'T^ J <o Jt a Jt a 



dt 



J 'o dt J «?o 

Clllj jjl (Ji.Jjj iill^L-aJ jl Jll jjj V j iiaSS s-LuoxSI JJC L*jl ja uJl lil^ajj ' < * t w M (jj-aS c-lii! j 
4—7.5 "Ujlx^ll (Jljai.1 1 oj 111 ^jJjjAjjJI dljjjl ^ j^jj tAjlaJI (JaJj Jl ^jjJ^j-all 

; 4_ij|^_jSI 4-a^Iaxall A iai uj ' .jl 1 ""^ S 1 g 13 4^Q^lx«all < " l l ^j-UlLoII L J ^ j 

r 0 j j 1+,o 

fD.iiiiiiis ,, /-0.0003s ,. 

J (1.25x10 A) - J (7.2xlO- 12 A)^ = ^ = 9 ^ cc 



• 0.0001 s ,, f 0.0003 s 

(1.25xlO _11 A)^ - [ 

J() J 0.0001 s 

,sys _ n v 1 n-' 1 a vn mm c 1 ! _ n t vi n~ 12 



<L =(1-25x10 11 A) (0.0001s) -(7.2x10 " 1Z A) (0.0003 s- 0.000 Is) 

<Icc=-l-9xl0 16 C 

(j- 0 4javj*ll 4 'it i*i II ij-o 1.9X10 16 C 'Aj^jC. j l_lUa"iuiVI Jljj cSJJ^ 3 *^ 

Jl sJjjJI AjkJI Jc. ojLij (JLjjV j . 1 jam 2 l^.L^ jJL5 JSI jj^udl *Liiil 

(j* Jl ^a£ljlall A "i-s .till jl^lo J > ^; l n <a.ljll fcljjfj . — 90 ITlV Lfr^lj (jj" 4 ^ 

.^aj^lj ^ilj Jj L ^Sl ClAa i <a a (JLmjlujI (J^>Lk 

Jc Sal °^ SI Jc. -IcLaij dslj jJ^I dllauJa^a (jV SjSluia <a.l Jl «Ljjl s-LiiJI "Lajaia (jj£j 

"JLaJI J sLiill (jj^S ' '6.5 ^SaLaSI J ollilaU LJ lis jj .AjjjjjJall CjUjjVI jj^Ijj 

II (.\ iwS J^S' a£3l (jjfLij '"'■■■"'j' (Jl «it"imiIj (_jjilaJ <jjl Jail jl ajSjuoball 

jl (jjjj-axll Jc- «-Ujj .(12.5 (Jlj-all) IftA, jla> j AjiiJI (JaJ-i dlljjjl a-ic. jj^ljj] U«jIj 

-jj..ilKti j ^jjjjlj^jJI j j^jlillj -jy I jt aSI Laj^C. dlljjjVI lilij (j " i <aJJ cAjliJI 



O^^^j 4 i .'. (~. 



5J Jill "ulLuiSI AjjjJaxJI ClLj jjVI j Oljjjj^jJI - Saa "I Luliijl ei UiliJI 4j,tir.l j 
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iLlAa jl dl\jj-a£ ' ■ i^ujJ Ajjjiill aA&j ajj ■ all CjUjjS/ IgJjjjij (jc. e^o Aia (jAuiita 



(cm/s) Ajjjiill 




~0 


A" f 


2xl0~ 8 


Na + 


2xl(T 6 


K + 


4xl0~ 6 


cr 



.10 tUll gi j» jJI jJ <ij jaj (jljJ lAjjlisil .ij'i-. a ^-ajjJa yj 1cm 2 JJC Jiliull ^1 oi» * 

Hodgkin AL and Horowicz P, "The influence of : .^.U JU jjj Jlu A" t 

potassium and chloride ions on the membrane potential of single muscle fibers," J Physiol 
1959, 148:127-60. 

S 

.(jj-aill JJXjl cLiiJI (_s-ljU> Jc Cjl nil l (_>iaxJ aSljJJj 40 JJ*A« A-a jh^l l £t-lJ-aJ 4 

_Jjj*3 (J^l »l \ iaia clAjjjl aJ _J_jJC Jl A^L^ A^ij (jl Jj a jLSYI J-^-j J 

3jU II £ jLkj Jib AjKII CjljjjVl jKljp (^iii lilj ilia. <■«■ - lillj J jxLaj .fUiill 
s-IjjI aJAi-o 3 il ^."i, „l ^j^j 4 aV".4. A\ CjLjjj^U 4-jla II «.Luic. 4jj jij dlli/likl .lij^jSj 
Ajjjii 3.5 (JjAaJI jg iaJj .(j^i_^l V m 4 ^ J3 JJ»'n ""' w (jj-K (Jjj-ai. fcljjl clil djAaJI 
tlllj jjVl ililp jiil 411^ al ka all ajiill Axjj tAilrLxJI dsL* jxiU ^ Iflj all <Lat Ajli. ^Uic- 
l«3^ L^jLuii V cIa^)j£ aC-J cCliljjj'VI eAgJ s-LuiiJI dlLiijij (jl ejUiVI jAajj .Loj-aC. 

.l^J ^Loll Ajj jij (j^ | jjj i^i 
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' (Jjoa-jij all Jc 3 ia uill ^IjJ Vi»^ ' 1 ■ aJI 43Ua t4 '<■>■ uill JJ 4iL_aJ tdjlij£-a]l (j"jaj 

JjajJ ^-a j . (jjja_iLuall JJ AjaljJa] 4 la ui Jai Jc. (JxC Uj^a ^ ■ aJilJ I jlA j . 4 ia uill (j-o j-a 

cajljll (j-a 4jjljil| ,Yt nml lil 111 .^JjSI JL)j$£]l JiaJI y aj 1 2 aX A J jLjjJI 

lilloj ItjLi <4ja uill AjILui Aa-)ii all JJ 2 ja uill 4ja.jxi * a jL all (j^i SjIjI! jjc. 4£.jjjij jIjjII 
Jc. Jaliail jaj^UI (J-axJI j3 jj j*j ^1 AjjI yia £JjSjll ' J' J 4 ia uill (j^a 2 a\< 

dljlS jll AaUall ijjjj j t JUj$£1I JSaJI Jjajj 2 a',< „\1 JaoL a Jc. (jjHa uill J - a3 
.able, ajl jll ClLa jlla J ejl ja. (J^joi Jc. Jbj$£ll JSaJI J 4jjja_a 



c ! =F 1 



aj'jia s jb :32.5 Jiill 

. Jajli Alia. J 4i!i£-a ^a 



(Jjga-jjj all <jaLuall 4 ia uill (jl JJ I Jaj .(32.5 lK 4iUa (jjaJ L? J*^* J' -*'""- J (jSatj 

Ifcjlc I i£ ia j a ^ic 4 aj£ all I 'j;"""-^ Ijjj .'La jlalall J 4 la ui ji^ljJJ V iLajb I jiua i_gjLuH Ix-a 

i A -i fl =0 (1-8.5) 

i A =i B =i (2-8.5) 

iiDl$luil jl .liljJ Ifcji (JujI 4_a jjalal 4jj1 4lUall Ajjlj^i Ajblx-a (jl j£ij 

Jr sys 

Z^-^>,=^- (3-8-5) 

Ijtjjj (jjHajbjall (jjjblx^ill £yt 4 a'X ^jj^W (jt e jJa.VI 4JjUla1I ^ (j^ajjxjlb 
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i(y A -v B ) = — f± (4-8.5) 
at 

^1 7-7.5 ibU-ll j^i 

i(v A -v B ) = iv c = l ?- = dE ^ (5-8.5) 
C A 



.Aii&all ^jijJa jJJ 4jj] jill jA V (j) 

lAja uJl JJ*J Jjlx^i ^gjLuij 

i =^- = — (v c C) (6-8.5) 

•4aX/^l jjc. jlilll OJ^J '4ojIj 4t.ii <Jj|j <Lo jJala 4jLi. ^ j 

i=C^- (7-8.5) 
J? 

4jjlla]l JJ*J (Ja*-<s <_s^ £ - (J y 4_±ajuj]lj jLiijI jJJ 4iL>l*JI (jc (j^ajjxjll Ljl ^JJJ IjAj 

:4jjIjj$£]1 



rf£ / /- <7 a ( dq^ 



<e,c _ q . = q_ 
dt ~ C ~ C 



dt 



(8-8.5) 



dEj c „ dv ., d , 1 



, = Cv c-r = -rh Cv c) (9-8.5) 

dt dt dt 2 

' «" j] j 4 3jS " ^-i 4jjl .'J*^ 4iUall f&\ jj i_L^a _jl AjlaaJI 4j_*.U J | j/i ejjli j!iS>l A£ilt sjAj 
AjjLjj^SUI 4jUaj| (jl «Lj jjill (jj) JJ j (_>* J^^j * .J***' ' " " 4-o^iaid "ULi. ,j 1 g «J jjj j I j ui 

.9-8.5 2Jjlx^ll 4jjJ=J AiusyW ^ sjAj . £" £ c =CV £ /2 — J ^S-it'i AAilxi 4j jja-sll 

AC SJjIaj A^jlia SJjJ AjuJall 4jU1u.VI 16.5 Jll^Sl 

j&a ^Ji Uj^j* ~aJl&*\\ .33.5 ji^i ^ aauJi ^Uj^i sjj ^ jU^i :5jLw 

SJLiJI 4jj1 j3 ij.ii->! . 4jjuJa jll ^1 ^Jalill Jai t ? = 0 5 kaill ^ j .(v c = 0) <j ■* a JJC. 

4 J (^ijia (jit V c ajSloLttll 
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,J .sjSLoLa Alia. ,J A^jialaJI j t ^ Aja^a j]l ,J J ja. j^i <l\±A\ ,J ^Jalsll :2 4jLaJ 
AijfLaJI ^J^> (^it AjoIjsI] <hl*x ^jaU (!) .J Aja^ajll &JaUII Jijj = Q A-kalll 

LijIj 4 a, a jj A-ajlLall j A a'X A\ jg, jLjol] AJjIx^i ^^aJiuil (s-l) "U*0^ 1*jIj a Jj A-ajlLa]l j 
.SjUl AlLkll Jjaj Jf^l AiUall Ajjl aLLix Jat'ihI (d) .(>»jll 




Sjb ^a Ai&a :33.5 JiAB 



:JaJI 

:1 ^/LJ/ 



elements 



= V 0- J '*,^l- V c =0 



:1 Aiki! 



loop 



^Jc S'n'U„ll V e Ail]js]l Jlbjjj 4(jajilL Aida^JI lAp c Ajx-L^a j]I jJalall Laija. 

Ailkall ajKII Ajoljill jla tULuLi ^ A-ajlLaJL j^l aJ^j^ 3 J jl ^1 Ijlkij .1$-i3jL 

cV () A-oj3 (j^i 1 fri-a-ii t_iljjal j V c -^jj £-a j V q AjjI kjll AiiljS AjIuAjou]! ALajoull ^^Jc. 

£x 1 i . ,.1 i" * A-ajlLall ^>JC. i R jLllI (jla La] j . jii-a A-o jlLall (^jla ^J^- Aiil jill aSI JJJ 

AilaJ SaX„\l AiaJj ^Lojl £-a (J^I%lu jLjllI lift (jla tA-ajllall ^^Ic. 2_kjlgJI Ajlljjll 

(j-a giij .1 jq.^ / R ^Alojj iLaLaJ AjjUajll AjjI j3 ^^la. Cilia .13 A SjS el) (jjaj tajSluLall 

:'J lift 

V 0 ~ V c =0 

. 1 AilaJI olajL (jajoJI pLui jlilll olajl (jjfLjj 

:2 AJlaJI 

AalaJI (j-aaj La ^ j . J AjajJa jll A w.^i jJI (j- xJalSlI JijJ l ? = 0 AJaaill (I) 



490 



<-i *£>\Ju ji <jaL-all 2 *M jLoj V c33.5 JLill tjU .v.l a-ojjjjaII 2 

jLsjII (jl Ajil > all 2 la JiUajl ( _ s ixJ > 0 OJ-^J La-ljcj jl 3-» jlLall 

.(z 2 = / S2 ) aSLJI J jL ^ a^ ja 

: j 3 3jS all jjc jlilll t5 -i"J 



i 2 — C 



dt 



^^Ic (_]■ aa j 2 Alia II ^ ^ jl (jjjli j AjjI jill i—a^yoijj^ (jjjli 

: 2 aILJ 



loop 



V elements ^h R 2 +V c =0 



-v. 



; ^Ic. J. (jjifljl i all (jill jlx^ill (j^o j 



z 2 = C 



Ij-jVI ■ all ia-til ALU-all o^A Aixjj 



dt 



J_ 



^jLuj t =0AiiaJ3l 2 J Alii jil ajjIjGjYI <ajS1I J <jiljisl j*j AlalULj 

•v c Jv„ ft 1 



J v,. 0 V J() 



i? 2 C 



ln- 



c,0 



1 «-o>=- ' 



tf 2 C 



cAjlgj!iUI _iai j^ijll <_s-*^" .V c =V C q (jj^J ? = 0 ^jt l^kjlA jA Lai 

(jjjlS ^^Ic s-Ujj .LoLaJ A ujll j^i Ai-jU SjS all ^ j i aJ (_jl cljL-a V c MJ^J 
.(v s =V c °^ all A_£il j3 A-o jlLall ejlc- ^Jjl jill <_g jLuj iAjjl jill i_i 

IgJ £^a=ij ^jjll 1 g i aflj aLLlaIIj I i bjl A^i jllall ^jic SST.U^ti 4_£i] i o. „ y \ j] 
.LuJ A-o jlLoll j^lfc A^Iaxll AjjI jill j aSI 1JJ clil AiSLall 
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" R 

R 



t 



2 "2 

I J 1 ■ aj ^ 8j£ all jJt jLnll L-lLma. (j£^Jj 



t A 



1 



"c,0 « 2 C 

e 1 

R, 



AaUjV (j^Lx-a £Jjijll frliil AiaUl jlij oUjI o) ls' ' 1 liT* s °*' < " ti jjc- j-^ 

.(33.5 

jl l^jlj (Ji.JJ jlij (jj-^J (j^ 3 '2 Aala II ^ jLi. "Lajlaiall .} j.la. IjSjC I jl (dl) 

:J\ <^Lj^\ aSLUI 2-4.5 ^LLal&ll <j J jJI aH** Jjikl j^j 111 .l^i. 

Yg -Yw = E 

/ * elec / i elec ^ 

iXa jJalall J 4jjIjj$£ AiUa J jjj V 4LL*-all J! Jji-VI ^ Jj el ja.) (j^aJj 

(JjaJJ j A-o jlLoll J ' j U,, •;,„•"< ; J$£3I AiUall (jl JJC. . ^^G elec l— iia. (j^J 

jl Ac) SailuiVI »'i J ^jLuu c<LajlLall (_><aa_i La Jj .Ajjl^p. AiUa Jl 

jLxJI jIjjIIj l^-ils 4iik^ll Aiil jill ^jjj-^ J*-ala. yW riH , oj^all 



R,C 



R~ 



c,0 R 2 C 



:9 _ 8.5 <taU-all JLaxloiL. 5 J J 4jjja-J 4jjljjg£ll Ailkll 



^ 2 J? 



2f A 
R,C 



v c,0 R,C 



cliil j Aaoa ■ a Ajjlk-all Lja3jl*-o (jl ^Sjj I^Aj tojLSVI J l^ilUj j 4 all J 
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2JLL (^J) (^jLjj^ill JSaJ ^4 <jjji_Jt <jjL)j$£]I 2iLkll Jj^JJ tAiSLall £JJ& 



(jiA) 4ji .Alut^i RC AiLkll liK^ml j jLull j Aiiljill <LLJ <LuiJI ^ 

tJ .34.5 JL-ll yi jjjJ! ^ jill (> 7?C sJJ A-Wail ajU^VI J-*^ oVjU-JI 

:C Ajuoij R j^i J^U RC Sj^ x ^jll c^iai ^jL^ 

x = #C (10-8.5) 

: L<J lis j x y-ia jll CjjIjII 



v =v 0 e 



7? 



w = 

rr dec 



_'0 



(11-8.5) 
(12-8.5) 

(13-8.5) 



. 7?C Sjl-lll ^jll <-^l jA X j tA^&SI Ajt^ ^ C j jliall 



Cxiliill jljiu Aiaj 



t X (^j-ojll CijIjII aJ^Ai 2 k\<, A\ (ja^i dl^jlx-a <L)lj£ I ■ ^aj (j^-ojj 




7?C SjIj :34.5 JiAH 



£jxuae 17.5 Jlltll 
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A Sjl-lJ Jj.'' "**^ eUic. Aa laj jS-aJ 4 all A ajlmll 1 " 'I jj 1* aai II ^uaijij j_jS-a-J i Lua 1 

.l — 35.5 (JSjjJI (jJfa jA La (jj j 4 SjS aj tdlLajlLa Cliilj j cAjj]j3 £jlla Aiilj (j-o (jjSjj 

c(tonic current) Jj Jill jLul v t uj-"^ j 'V r ^1 j <ul ASliill ajj! jill ^jlio jLaj 

• V m jA tAi&aJ ^JLaj (_jjl]l »1 hit II u ;il ( _ ? lc Ajjljill j .V s Ajj jy aatll CIl^ l^i jll (jj-a^ j 
£jlla (jjj iaJjJ (j^i j!l ^^Ic Lajli LljJaljJ jaj ^ jA,', ,,l c jLjiill l_j jjSi jj£ (j jjll (JLaaliuAj 
. »1 uatll ^jia ( _ r lc Aii] jill j s-Luoxll Ajuji j A-a jlx-all ClLa jlLallj Aii] jill 




Rr 



*Lie :i-35.5 JiAB 

Aii]j2 £jlia Aj^\j ^ya AjjS-a A \-\\ . Jj Sjl^J 
; jA^a-all . AijS-aj djLo jLLa j 

^-Jung R, Brauer EJ, and Abbas JJ, " 
~ Real time interaction between a 
neuromorphic electronic circuit and 
a spinal cord," IEEE Trans Neural 
SystRehabil Eng 2001, 9:319-26. 




oli aL£JS :v-35.5 JiAS 



1 AiLJI 



2 5il=J 3 3ikJI 



:JaJI 

i « j"?* • 1 

A tin j CllLa jlLall j Ajjljill £jlia (JJJ -iaJJJ U-°3^ CS^" ^-"^ ^ j ■ J j^ij Aa. jl (I) 

.^Luutll Ajaljill j AijUl 

c^lik M -35.5 l&^I «sJjH UU. 1-35.5 JiJill j^h : V.U J ( v ) 
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: CjUiJajS (I) 

.AjiiJI cLuulJ J jil^i (JAoJ jA l — 35.5 (JSjujll ^ ja_jjjj-a]l ^jj-aill • 

■ A lla 1 1 £ 1 .Tit**- d * , n # 

sLic. : m • 
4^.1 j : r • 

L-lLma. .3 

^ V elements ^ 
loop 

v = i R 

-kjjll 7 _ 8.5 AjjlLn-all JLoxjjJ U&aj 111 j 4AjjIj 3jUti c Li,c. jl lu^ijjal .13 j 

J? 

vl)/''"."^ (jJJJa«il (jiil-llx^i ( _ s it J j 1 aa II 1 ii£ aJ t jliill L_a (jjj^S (JLaxJjoilj • 

:t-35.5 J^JI 

i u = i s +i , :Li£*l\ 
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'.An mil j jliill (jJJ AiDlxJI J nt'ii n*i cs-Uixll Jjlxll jLi^' L-lLmaJ j • 

i „ =C, 



(JLaxiuil 1 *u£ aJ ifLmill «*«! (jjj Ajdl jill j Ajjljill £jlia jJJ 4iL>l*JI ^ ^-jV J • 

35.5 (JSjuill <La _^j-<i Alia JS1 aJjIx^ *-< jl AjjI _aill i_i jj^jj^ o_s^ 

:1 aILJ 



V , ~ V R, ~ V m =0 ~> V = V, -V, 



-v — V , 



2 AiLJI 

3 AiLaJI 



Jj^j 1 'iV* - aj c^jl j_ajl£ (Jl a»"u aUj 
"CjLajlLall t5 it Aiiljill tllUa jjA 









v —v 






_v*, 


v —v 

r m 



. jliill jj ^jjll A£ja_all S jill jA (jj-«Sll Jji 
^jl| jliill *Uajuaall t_i jjujjj£ Aljllx-a ^ Cil jliill lillj ^jS (j^ajjaj jVI I *u£ aj • 
'AxjjJIj jliill (jjj AailxJI Jl ajtlml (j^a j cK a ■'toll 



V —v V —v V — v 

L =K+i, H =~ ^ + ^^ = C, 



dv , 



R. 



R, 



R„ 



dt 



2 r rt*.« .2 

At in j CjLa jlLall j AjjI jill £jlia (JJJ -iaJJJ AjliJI s-Lic. ^jljAj *l_jlj^JI (I) 

: jA s-Liill (^W- <jl& 4jj1 J S-Uiill 

rfv v —v v —v v —v 

Q uy m _ v s v m [_ _t _ m , y r y m 



dt 



R 



R, 
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AjLajlLaj (jj.'' a»JI CjLj j«£ ^J*^ lj.li.1 Ijjl Vj .Aj.1jC. ^jic (_£ j"'^ J V ^jj 
34 _ 6.5 ALU-all Ag-)LLa JaJI 11a 4ii,^i j .cL2iill Axjoi Jl AiLjal jLuiaJ (J 

. A r l ii (j " i ajj ^ j jajll I^A (jl f 1 jjj i "I j 

ajs jaj t_i jiL lilLi ^ AjciJ; jll . ^...jU'.i^ Jii. j ajjIj AilL (inductor) <Luiajj»jJI 

c jUill jjxj Ijlj .Axjjoi jll Jja-a (J jia (Jc. Vi aj * ^lia. jUill (jiajajj tjljj^ jLjj 

J ja. j (jl . JLjg^ OJ^> (j"" ^Ij^J 'Ajc ^^Lll ^ , ajjajii »ti (JiaJ! A*-o JJ*J 

J jjj V ilajlj jUill (j^ lijj .Aim in jll jjc jLall jLjjll (J JJ*J J j?. j ■ '-*"" j (jja^ll (JjjS 
CjI jjxj (j^a jUj UiV iAjlUaxll j.r^l )»ll (j-a £■ jj IgilSj Ajj^ajjajll £jLijll (_U*J .AjjIjS 

.(s.Ujjs]| J Alakj <_^ill (Lenz) jil jjili 
v L =L^ (14-8.5) 



Igjual ji. Jc- -laJXJ CjjIj jAj tlg-i iajjatJ jA L j lA immijII J jLall jliill jA (jl ■ " Ua 

(^ill (henry H) c£j^ ts* aj-^jj c[L 2 MtT 2 r 2 ] j$i (J^jj^jII u!j .AjjLjjill 

.(V.sVA^jU-y 

'3-7.5 ajsLoII 2 ja, *,\\ JiUajl aLU^ j 3-4.5 AjjLjgHI Ailkll Ajjl j» aLU-« JL«Uj 

:AjjI Ail lall (j-a 36.5 (J^uill J AilAall Aimi'i jll Aj jij La L-lLma. Lu£ aJ 

— r^ = i A v A- ( i v s (15-8.5) 
a? 

Jaliajl aJjU^I AjLbliill AijjL-all Uj,„j*. j^aj lil 4 AjjJaJ jaill At un jll ^4 AiaJill ^1 jjj V 

/ A -/ B =0 (16-8.5) 

i A= i B= i L (17-8.5) 

: 15-8.5 aIjIx^II (j-a (jLaJ La liAj 
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'A^A 



v B 



jUi :36.5 JiAB 



dt 



■■i L (v A -v B ) = i L v L (18-8.5) 



d 4-8.5 iljU-ll 

Jj^jll 



dt 



- L 



. di, 
L dt 



(19-8.5) 



*j Ajcluo j <j j j~- all 4jjI .'Jg^ AiUall (jl s-lj jjjll jjJl (j^i 

.19-8.5 aJ^U^IIajj^I ZiunW ^ oiAj t £ £L =!/2Lz 2 — J 



9-8.5 (jiibU^ll u*j '14-8. 5 j 7-8.5 jiibU-ll l_£Iil7Ij 4jLS1I a^J i^V 

.19-8.5 j 




50 niH 



Sjj :37.5 JiiJI 



AjLuij tiUd <j> 18.5 JkltD 

A in ■«! _jj (jjiLia ^jlc «Ujj .37.5 <J£jill 3 '{■; «W SjWI ^LUi (jlii = 0 -iic :<Utui« 

i^jUjj SjUl jLJI jlilll (jl i (jjiULo 

i = 2.0 1 — 

s 
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jl^Lo jA La .mH L$ JM-'b 1 " 50 At jll (J^aJjaJ lSjLolI 

?Aajllik<i 1 0 <*Jj^ jll 



: J 19-8.5 3LbU-ll ^ : JsJI 



dt 



= L 



L dt 



L-lLmaJ lillj 2 ij^ll AJijj^all (JLaatAuil 1 lj£ aj t ^Jallll (jpLil •Aj^l«-al3 Ua j lfc)2 4jjji-a 

tAjtjJi jll ^ Ajjja^all 3iUall 



1 9 

^ E,L ~ 2 L 



1H 



lOOOmH 



f A 
2.0?- 



= 0.1r 



2 J 



:f = 10 ms^Jll <>j 



Ef L = 0.1(10x10 3 s) 2 ^ = 1.0xlO _5 J 



■ .A-ulnU 10 J*J 1.0X10 5 J Ujl-lia AiLk Cjjja. Jtf (jj£j jll j) 

aaL ^aj j (j^j^l .38.5 ^ Wall i?L Sjl-ill Sj.j.U I AjU^N/I ^ o^ 1 J^ 1 

Igjjj Ailljill i_s jjjojj£ (jjj^3 jj-a . £ = 0 3 laa HI ^ dlfll&l a jUI (jl j tAjtJjoi jll ^ Ajj ji_a 

v L +v R =0 (20-8.5) 

I^tali 14 — 8.5 "U-llx^ll qa 4*u"y jll ( _ s ic Ailljill Ja jjA (jc. (j^ajjxjlljj 4^»jl (jjjls (JLaxiaAj 

L — + iR =0 (21-8.5) 
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+ 

RL i jb :38.5 Jtill 
: cr kxj] aLLJ aLUJI lilj tjjtijUj R j L 

R 

^ (22-8.5) 



j = i 0 e 



: j x S jl.il! i— iRC SjUl ^5^" J 

L 



T = - 



(23-8.5) 
^Vl J^L 22-8.5 AJ^U-Jl j> 

(24-8.5) 



AjalgJI Ail] jill ^k.*. 

l^JJA . (j-a jll A-a ^alaxall JJ*-3 lL* ^ J fljll ( " ) llfill jl a S 1a 1 

: J Am jtLJI 



v = iR =i Q R e 



(25-8.5) 

^e 1 ec=^'«^^ T (26-8.5) 

^ dbj RC SJJ < L^ S ^1 oVi^l olifckVlj ol^Uill Jiatf -T^jll i^iai 

■ RL SjJ I. L^aJ 
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Iftjj jUi <^l C^lSSlL (aSUJI JaliaJ) 4 illj JaliaJ) 3 J— ill ^ U«5aI 

l_Sjj»j ^joijUlui I (Jj aiil liA j .oAjii. CjLjSj-o AjjLloj£1I CjU^j-all Cjlji ' ■ j"' 

.4jjLloj£1I (_>nlia.Vl (JJJ La ^3 jl (j<u>i ClAjjj j^>JIj j j&JVI ' ■ Llij j* 'ijlc-J Jcliill 

:LaA 4 ia uJI 4jjl j^il (jtjJ^Ja II (jUl^lx-all j 

Z^-S? +J +? + , g en-? + ,co„s=?:! f S -^ d-9.5) 

I'/ , I'/ , +?-, gen -?-,co„s = «3 ^ (2-9.5) 

* j 

SJjlx-al AjjfiJI 4j j - all (jli li] . (Jclijll s-liil AjILoJI j Aj^jaII 4 ja uJl (j^i (jLjjLjjlo (jljI-lLa 

:4ja ialiaJl <hlx^i Lajb JjiaJ AjaL-all AjaJall <jjl j^i 

E^-Z^=?f yS -?o yS r^l^l (3-9.5) 

2ja_ii]l JalLsjl <ljlx-a j 4_la. j^ll AjaJJI j 4-llLJI <ia_kill <j jl j-a ^^jlilsi-o 1 ■ (j^aJj 

.4jLA£j]| j <jL aUjll j/'-j ■ ; AjiL^JI 

Jj- ^ Jl IjJaj <j| JJC. .AjIc-UjII Uaill CjIjI-JI Jjlail AjJjj-alll i_Jj£]l Jaa * (jiSLjj V 

AjJ^jI CjVjI*-<JI J^t'uiiu.i j iAjfkll j Ajjja II ^Jaill Jc AjaJJI lalia^lj j^i CjVjU<-« 

.Ajikll jaJlj Ai-all till j ClIcUjII (jx Aj jau^all QnUa-Vl 5j jl j-aj 

^buiV! (Jlaill j) 4ki2fl 1.9.5 

JaxJ Jiajj j JLi-ttAll ^>^-ai«JI liKili c(radioactive decay) ^UJsyi lilSsoll ^ 
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ClAluJaa31 qa j/'^ J ' . S^La An uiall j > al « II (Jaaiuij j I ■ ajl I -lla J OLijjj^lVI iil£iiill 
^Lo^ll ' " ll jl J ^- ' al j 1 ; lliill (jial j^ilj s^ill 3 a II » a j j aja uS Lj-La j cAjiiall Ajjjajl 

SjLall S^tLaiAJ "LaJj^JI jA 4» uiall i . ia»Ml 'ijLal 4 i n/i jll ^j'l-ll ' " 'I SjJ Loll AaJj .(jUajuill j 
.<a.l j^JI (Jjl A * uj a (_g jjxiill ^rjnilti ^1 jaJI IgjS 1 laj Ajjij j tAjuonJI 

-jl-"' il j^i £jj j JjUaj Jc. 1 ' 3 ' I j 125 1 j 14 C j 3 H Ifriaj cAxAall jjUaill (J«»*im'i j 

« * 
J <_£ ja.VI ClI ji]l£ 4 1. nail CjL<£UJI ( °j' -*"■ .AjjjaJI Aafkll 4jjja_all dl jaJI J i—lSsu j 

jjc. Ajj-ailo 1 g » ui5 qa (jS-oJ LgjS ' alia all dllj jjiiill JlJlC. jjl VI iAjjUiaJ^ll Ajalill (ja ' . '^j«H 

(fi j^jjll i lUJaJat "II jjjjll (juLuil ,Jk AjtjoLaJI diLxi^LxJI j .Ajjiij j> ajatll (ja (_£ ji.1 CjI jjl 

ciMclijll oUll ^L^aikuV J ^mj ^ill (nuclear magnetic resonance NMR) 
(magnetic ■■■j^-- -H jjjjlli ^l^VI I^JI I ■ ai Jiaj ^illj tAjjU^jllI 

a^jxJI pLiacVl t> 4-Ja.l.ill ?l j>Su jjj^j iiUSj j cresonance imaging MRI) 

4-ja II 4a mjVl J 4jsjla _jll jl 4 u^-ijall Clil jjilill Ajjj (ja 

1 . ^il j»* ml c ( _ r clstJuVI ■ j l^°"'H t <.^ijl ■ ■ uSj jll i4jjl jiall 4jjLlaj£]| ClV^la-all JlaJj 
(«j LaLaJ ' alia a ^Llsj^ jj^ajc. Jl JjajJ JLlujSJI j' ajatll ' j Ka J ij AjsI ■ all 4ja_ii]l alia 'V 
IkUa tAjLaVI Sjill 

•j]| Cj\jj£-allj AajV j-" all (fiill 4.5 J J^?JI uA 2 'J.'- ti ^ (J" I a^jlS jl 2 ja jl <x-a 
el jill j-a Aj3 (_^ill Isll ^IxjjI jA ^Ix^VI liKidll AJLal Ja.1 j .^Uuiyi liKioll jc 

Jl UjIjj^£ JjUa_a £juia JjJaj ^jjaaj Laiia.j . jjj JijJlJ jjj JJJ^j U-° OJ^" LS^ fj^i^ 
4 ia ui AlaLa. A^jLill ojjlll ^- i • aJ j Ajj.a1I Alja j Aj]j£ j aajS tlill ^IxJij Jaaj (ja 
AjaL^all 2 ia >3J| (JjSj |ilj t+2Ujl^La 2 ia * J^aaj 4ijiLall ■ j;l g II ejj j! VI . — 2 U jl^La 

. (jj£ll J 2Jaiaj-a 

.^buiVI ikiSfl CjU'jLa :4.5 JjJaJI 









+ 1 




fP 


-1 






0 




V 


0 


jl » hrt JJJjii 




0 


Lalt 4j«jil 


y 
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aJjS C5 Iu lilj '(lSJ^I jjjJI yi Sir. Jijj V ^ j) UjJijjjjJI J UjJ^V' 

S«a J , SjjJI jjijj t jjjiill t_ai3 jja. j ejill Ifrlla. Jc. AjKII j. al*j| 

(Jj^j 4ja._axJI 4_laji]l ^ ojlj_^ (jJjJJ .S.la.1 j 4_ia. ya A la 1 g^ja jl^jj 

AjILlJIj 3ja. j^ll jjUla uJl j^jlsuJ j .o.la.lj <JLji 4 la tllljl Ai-aila 4j_jii£ (JJJ^V 

ojill i_ai3j 1 alia laja ■ a (jj^J Ajaiij s. ( _ s juJIj .^jj^ll ,j 4_laiaj^i 4_iaL^a]| AjajjJI °." J cUt-« 



^Lui'Vlj ( _ s ifla]l adll (_g$J . Laic. Aajoil ^Luiilli C£ji« UJJ"^] w 

liliili ^Ji-o jjiku o^ij-^' u*=4 '(positron emission tomography PET) <J> jjlsj^JI 

jj£_jliJI J_jls (JLaxiuAj jj£jlx]l ' ■ H SlI 1 "I (jaliL ' _j«»jIa^JI U^J^J (j^^^^^ U (j^ J 

(fluorine- 18 jjMj ^^jJI <(fluoro-2-deoxy-D-glucose FDG) jj^SYI (j^j^ 

I^VI JcUoil liSj <4<i*j ^ jjiai jAj tl8) 

"F-> ' 8 8 0 + °p + _°!p + v -> ' 8 8 0 + y + v 

SL*. (j? -^i a y^fl JA jOj -(4.5 JjJaJI) L.I& 

z 

Ai^ya 1 - ll la ui JjjJj .(39.5 jLill) JftUiSI liA tsJj^ ^ ^ AjaL-all 3 la uill kia S j 



,<juoaj ' " 13 j3l — llAjl^La 4 la (J-<taj ja. (jjJJ^jj '+1 IAjI^Lo 
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:39.5 JL&I 



2 uJl ^jiiij cl ji-a ^ cons J ^g en LSj^y (^jilill (JtLilll ^ j .LuLij^S sAjLa-all Laic. 4 t ual 

Ajil ■ all 

o-u&lj <jiU*Vl 2.9.5 

liliiii : C L»JI La^jJaj jja. jlliili jlilll NaOH ^jj^^JI jj-^j HQ ^UJI 
(acid) o^Jl <_ij4j .Off,, Na + J\ NaOH_SI Jsj&j cCl^ H + J\ HC1-1I 

(jiaL»a,Vt liKijjj . Cjli jj j_>J] JjsIo 4jL (base) <j*LuiSfl t-ijxjj t H + CjUjjj jJ] Jaxx 4jL 

jJll (H 2 C0 3 ) jjjj^l (CH3COOH) JaJ ^ 

o^ail ^1 j£ Jill t> I Jl u^jj^l i^Uj jjSjS « (CH 3 CH(OH)COOH) 

jjjjj^C. j LS \c «^U*,,.* Ajjja. CllLja j^i LJLc. 3J3» ■ SI (jjuoj^lj (j^ai (Jut'ihi'i j . 1 iLja all 

Jxij Ufuij I jiluui pH j-aaJI (J-alc ^^Ic. s-lajVI ( _ ? lc- n'lj j-ja. j J \l£ II CjLijjLl JalijjVI 

c^l (phosphate buffered saline PBS) cAL,jilL 13 jj ^aJJ Jjl^l <4U 4£i 
^ NaH 2 P0 4 j Na 2 HP0 4 J\ <KC1 j NaClu^UI csi^ 

:JjkJI H + j^Ji 
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pH = -log[H + ] (4-9.5) 
.M jl mol/L tJjk-JI J jja.jj.i)$JI CjUjjI j£ji jA [H + ] jl dua. 

jjS ji (ji^j Jll H + _ II j£l jjI ^-Lutfl JjiiB JU-all JaUill (^jlijlll ^Lll 

juit J H + II j^JJ J-!*" 1 C5^4 1 jl^iLaJ pH SI J,1»*fl .4-uLall (JJla-all J o^j^.j^i 

AjjLJI JJUJI J OH — SI j H + — SI j£lji jjjj"j .(e-^lj <->!>» 
[H + ][OH] = 10 14 M 2 (5-9.5) 



Jia-V -M jl mol/L —j I j'^Lo J jkJI ai^jja^JI oUjjI j£ji ja [OH ] jl 

• (25 °C) Aijill ejl ja. A^-jJ ^ic iaSa i ^ ALU-all sJlA jl 

7 t> <J£ ^1 pH — II . 14 ^ 0 t> <xjUUI JJU-all pH —SI ^ < ik^j 

Jc 7 "Lajall Jju j ."ojuiluil JJla-a ts J& JjJ 7 Jt Ajjj jll jxiallj t^^jJaxa J jLa_all jl Jl 
H + SI (j-o Aj jl i n*i <i jjJllLa Jc. (_gill tgil • all s-Lall 4il!Lal j« j I 111 a a (J jla-a 

• 1(T 7 M ^iL-S *UI J OH -ilj H + _SJ jUaJLaSI jljyS Jill ^ jL-jj . OH —SI j 
J H + i*ljjjVl jla cjjk^ll J LJ£ AjjsSI (j^Vlj o^L^VI <ilkij Jl I jliij 

ji s-Lall Jjl^ ^j'^"^ [JjS-- a iSj'^^ c!^Aa • ( _ S ^H j'" 1 " SI J}£j (_£jLuij (Jjl^ all 

:«> 0.01M 

[H + ] = 0.01M (6-9.5) 
pH=-log(0.01) = 2 (7-9.5) 

jj ajJ ij' all \; ' J J (J jl^ aa tA^jLi-o Aijjiaj (_5j^SI (jJjoOll pH SI A-oJa t— . ll ma j^ajj 

^J^. 0.01M j£ Jill 
[OH ] = 0.01M (8-9.5) 



10 14 M 2 10 14 M 2 



[H + ] = = - = 10^M (9-9.5) 

[OH ] 10 2 M 

pH=-log(10 12 ) = 12 (10-9.5) 

: — j Jl-o Jjla-a J HA ij'siti^ liKij Ja«j j 

HAD H + +A (11-9.5) 

HA (j^a-aaJI s.UaC.1 jja. jjSiall (jjLuVl jl 'HA (J?ki-%1S (jalj-all (jjiLuiVI jA A j] '*1,1*> 
.IIa liKfill Jclaj J SUa^-,„ AjaU-all 4jaJill jl Jia.V . jja. jjJjA jjji 
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i^lisJI j jj^ljj jjj (equilibrium constant) ^ lO'j^ -^lwj 

a 1-9.5 alu^u j^a j&iisa (j flij La (jij -(jjljJ-aSI ^gjlxaJ^il (Jclijll 

:_j j£ a <jjl ([ ^A»aJI dkiUI CuIj 

g. = ' H '" A '» (12-9.5) 
[HA] 

t 

<_£ J^J jail (jJa^aJI "ULa. Jj .ojj» >-a fl A aj3 (JstaJ La li/«j t4_Jaikia iiKiSil (JcliG gjl _jj 

« , , , , i 

SjjjS <Lajii £-a HA (J^aaJI (j* 1.1a. 1 ■ - I jj^JJ l£jLj 'Lujij Jl ajSVI Ja. liKillll (Jelsj 

^Lill J-aai^j iK a fi& ^LoiVI JJiS JU-aSI J] Ijiiij tpH II jljC. Jc. j . 1 

;LjJAajj ^^-ajjjlc- _jISI 

p^ fl =-log^ fl (13-9.5) 

'ijjjS A aAl (_£ jail (jla^aJI ' a ■ ajj t(M jl) mol/L J oj'^laJI JjSIjjII (j^ ^T fl JAaj d. Lra. 

4 ajSJj K ! Ljjj oj a jj» i a ' ' <ajl ^j'-* 1 H ^ ' ° ' • P^ a ' ■ a A^uSjj K S 

p^ a _SI j pH —SI Ji (^ic. HA t^^^- lM j^' u^jj -P-^fl— ^ 

: Henderson-Has selbach ^LJluU - aLU^j L*-a (jLkujj (j^aaJ] 

P H = pZ fl +log-^l (14-9.5) 
[HA] 

i^a>»a. ^ Lttj#«Vl Jj*i« 19.5 Jli»2l 

c(acetylsalicylic acid) C 9 H 8 Q 4 i^lu.nSL.il/u.iVI ^^o. (_U*ij :3JLul« 

^llil t-ilij] ^jit (J-axJ j^i 4^DU VL«i Labile. 4i^a_aJ Ajjji <la ( _ s ic. Aljj La C(jj_>iuiVL) 

^-^^j .^VL (^L^VI (^jii <uLvaj£ ^j* <jAj '(prostaglandins) cjUpjSlfilSuijjJI 

Lag-La JS (jL-aj3 jl (j-ajii LoJ^La At^iJ Cjjj^iuLyU (Jjijj_)SI gjiiaSI cBayer^ AS^jjjoSI 

t^l J dlji j-a <-a!i I jj .^iVl I— atSjj (j-a LlllcLui 4 JS (jjjfuiVl (j-a jia 325 ^jic 

UK La^juaL alal j ^jj^iuiVI (j-a Qj . .-i j3 ^^Lljl ^xj (pH) ^Jl A i^ij^t (J-alc jl^La jA La 
Ijjj] 5.0 cs ic ^ . SI (jl j ^Jl ^ AjI^JI ^ (jja.jjJjA (JjLljjl J_J2kJ ji^C. (j^ajjal ?jajJI 

.j»JI (j-a 
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:JaJI 



5.1 



: djUjJaja (!) 

jl Cjljaj^JI (jt jUiiti ^Jakj Clulj L^LlluLllI mijluiVl ^j'— liKij • 

lAjaL^I cjULij(<_s) 
.3.5 '^W 1 ^^ mLiluiVl ^j'— P^ fl ^ * 

:<Jj|.la.j]| j jj-a^lj ClsljjjtAxill (dl) 

.L j mol J\ • 
^1 J, (HA) oL*i>U JI^LVI JjiJ i^L^I (i) 



= 2(325 mg) 



f 1 A 


( lmol ' 


^1000mg y 


ll80.2gj 



= 3.607 xlCT 3 mol 



iiSSiS jja. (C 9 H ? 0 4 — S A <JLji CllliaJij H + CjUsuS jj^j 

:(HA —j Ua aJI jLU C 9 H 8 0 4 ) -V l 
HAD H + +A 



jL-ua. .3 



^jLuj A - — II j H + — SI oV JIUjVI jjjJI jli t^l J CiLSj* ^ 

• "LJLoill j A^a. j-all (jjlxi-idill Ajjlj^i ^jjjla-o (Jl jji.1 Uj£ aj lilj J ji-a 

: A~<JU cjUjjVl 



sys 



sys sys 
H + ,f H + ,0 V,f 



/; =n sys -n sys = n sys 

gen A",f A",0 A",f 
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"cons = «HA,f " <1,<) :HA 
, ,A<i",\\ ^.Lul jjjlall jl H + ) (jja-kLall (JJilaJ tllV J* ^-^C. jA H gen (j) ' - Ua 

n gen J i^V .c*K£ll ^ ^louJ I HA ^ ja n consJ 

• "cons tfJ 1 "* 

i 

I! (j^i ciLLjaiJ uiliLuiVl j'^-^l (jjl jiall ^-jJa^aJI ciKiSlI lIijIj ' ■ iuia-1 • 

ptf B =-log(*J 

= 10-P^=l 0 - 35 =3.16xlO- 4 — 

L 

< =3.16x10^— (5.0 L) = 1.58xl0~ 3 mol 
I * 

"Lblx^i (j-o (jjl jjll JJ^lla (j^aJjxJJj .(jjilia-Vl iillj <^lV j-o JA*J 12 — 9.5 <3jlxx]l 

^ = W = = 1.58X10- mol 

(n^ f ) 3.607xl0- 3 mol-n gen 

n gen = 1. 72505 Xl0 -3 mol 

.liKaill AjL^j ^ji eJ ja. j-all j jiall A j H CIjV .lie. n gen <-aJ5 (_£ 
V t H + ! J _ja!I jj£ jill (Jl l nl L_laJ tpH (J jja all <L^3 j-a^. (J-olc L-lLuiaJ • 

sys o 

[H+r = V = 1-73x10- mol = 3 45xl0 , mol 
V blooi 5.0L L 

pH = -log[H + ]* ys = -log[3.45xl(T*] = 3.46 

S r rt-.B .4 

(JjLjj pH (»^ll A i^ij^^. (J-olc ^ J i aJ lOLjij-a ^>?-J f-^- 4-^- ^ :i_j|j^J| (|^ 

•3.5 jJJ^ j3 
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lj) .7.4 <_5jLuj .Jill ^lll AjxjjUI 4 ajflll JS] ojlA pH II A^jS ixj : (jSajll 

Jxj La ^Jlll 4jJaj»aa. (J-olt IjJJ^ jjiiui (jj^)iuil ^^j-ajS (JjLu (jli 'i3->° ^-"^ (j"4 

^Yl (JIaaII j < ^Ja ■ a JJC. (_paljjal jA ^J?- J j»^C (jialjjal (jl .dj^JI AJaSj 

Jj^JJ ^\ ^Luaj^A (jjjiuiVI Jj*i« 20.5 Jllalt 

^c-Luij t^jj^iuiVLi <— a j jx^ll CgHg0 4 uiLdjuiVl jU.^ (jjiUll (JjLuj I ajja :4JLubs 

: (bicarbonate) 

H 2 C0 3 D HC0 3 +H + 

iS 

dllj jjl ciLlijaall uililjLuVl (jla-oa. iil£jj (jC A^jUII ^jj^jj-llgJI dlljjjl (jl ^1 

H 2 C0 3 ? J ^ HCO3 cA^Yl jjU^ (> . H 2 C0 3 ^Sj-B 2L. jti- ojj^I HC0 3 -II 

. NaHC0 3 j 

j^ill liA J _ja. _jJ (JJJfuVI (j-a (jj > **i j3 (J jL" J»J pH ^1 AjJa (_J^lc jl^La jA La 
aJaJI ^ L5j^J f-^l LV^J^ » jl ^ 6.1 ^ J-ail P-^ fl — SI ^jLai: 

(j^aa. (j* 1.4xlO" 3 mol/L Jcj NaHC0 3 t> 2.66xl0~ 2 mol/L 

JliaJI ^ u-k ^ill H + _SI t> ojljSil J-^ J-xl-t .iiKilall H 2 C0 3 U^J^' 

.^11 ClljjJ 5.0 Jft <_£ jiaj ^iaJI ji t>ajjal . H + — 11 LuIjjjI JjL» 19.5 

:JaJI 

. 1 

(j^i (jjj-ajS ^^-IjI -^4 Aj5 j-all CAi jjjfLjjll J _jj pH ^^31 AjJa j-aa. (Jxilc 1 -b (I) 

.jjJfuiVl 

.4lol£j . , ua II ^A <La jJaiall llaiai-all (l_i) 

: CiLui ja (I) 

el Lu all LlLilcliiill - 1 jjj 1 "I j ^>JI ^ (jj^ jjAi^ll tliLi jjV jAj -»■» ii.jJ V • 
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.fi NaHC0 3 -!l • 

•3.5 (_£jLuij '^W""..^ '"^'"'V^ (j^aaJ pK a Jl 4 a ft '. 4-i3\ . CllLajla-a (t_l) 

iCll-la. jllj jj-ajllj cllljjxiall (d) 

•Lj mol :<J-a*iJ • 

^jl^ jAj 19.5 Jll.ll ^ H + _S ^IjSjVI JjLJI c_boik :o ,L,VI(c!j) 

.1. 72505 xlO~ 3 mol 

:LaA 

H 2 C0 3 □ HC0 3 +H + 
NaHCO, -> Na + +HCO 

J 3 

• <1 I, .11 , J i'i, ,S I\ j^.^ i-^Ka"i 3 a l , '-. I 

HA □ H + +A 
•C 9 H 7 0; ja A j C 9 H 8 0 4J a HA oj 

: i— iLuia. .3 

(!) 

IgjS Jill lilt (j-a 1 IjtoJ .lull (_3_a-a CT^" ^ jaaj Jill 3 ^jU'i^ll 4 '.^ 3jjj|j^ Jmj • 
• H 2 C0 3 J HA LaA La . >i jLjaxa llA 3-aJ tl^j^jj .(19.5 (Jlall) J>a 
(_£ jLjjj pK a 4-aji) H 2 C0 3 J] 4 InillU j5 (j^i^^. jA i j \ilu.nH uillLuiVl (j^-ia-s j 
J j-all J ja. j (jl Jc (j-ajj AjiaiuUJ 4 ^jLi lilli] .(6.1 J 3jjlio 3.5 

j'- aa (jc. 4 <^ljll H + II dljjjl (jl (JjiLJ Jc 3JL^aj| CluuJaj • 

*^un) jjia-a j hco^l^Vi j.^^ dkii.l i ^u.-jB.-U'.-Vi 

. > jaJI (> . H 2 C0 3 ojjjSII (j^ ojj^I (^ ,^riJ NaHC0 3 

J^oJI i j»j '(Jj^H ' . ^,'» j ' j ^ ' ' aLumVl (Juki's ^ -ij 

■ * 'I ;<j "A (jjj I bSau Alii ,J» (Jll Ciiltlijll (J*g j j .o_)^JI ClAjjj j^>JI 
Ajjlj^i La I^A j '3 ^jU'i^ll JjA^ ^jjc. I " '1 ia (JsiLu V • 

Lai (^Ka-,11 jjt JLaa.bll CiLijjVl jjc) H + CiLjjjl Jj2 V tAlL^I oULx^ Jc 
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sys sys 

— n — n — n 

H + ,cons H + ,f H + ,0 



:.^Vl„*l M V] c^ill AJL, HC(T OVj- 



/; = n sys -n sys 

HCO; , cons hco; , f hco: , 0 



i^-a H 2 C0 3 CiV <hU^ j 

sys 



= n H 2 C0 3 ,f- R 

L Pa^>. (jt ^lill H + £-a (JtlijM A^I^loLttil HCO3 CjV JJc. J Jia.V 

L 5 -*> ' \ HC0 3 , cons' - - •• 

'( n H 2 C0 3 ,gen ) 

j£\J>^j^ .Jj* olJ J* sU— H 2 C0 3 j HCO" _1 *^J&#I jjJliJ • 

n ^ n =0.133 mol 

HCO 3 ,0 

:j ^KiiJ NaHC0 3 -il <> 

^co 3 ,o= 7 -°X 10 " mo1 
o^a LijI^jI IJ^Lo 19.5 JUall ^ L-i Jt .^ J H + t> ^W^' jl^l • 

<M =n HM.-"cons =l-72502xl0- 3 mol-n cons 

sys sys =0 133mol-H 

"HCO-,f f HCO:,0 cons u>1JJmul "cons 

3 3 

n sys +n = 7.0xl(T 3 mol + H 

H 2 C0 3 ,f H 2 CO 3 ,0 g™ cons 

Ai^iUfl aJ jail j cJDLpuiVI aj^. ji 

: H 2 C0 3 J&A oJ ^ • 
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p* fl =-logtf fl =6.1 
K a = 7.94xlO~ 7 M 

# a = 7.94xl0~ 7 — (5.0L) = 3.97xlO-mol 

lil jaSljail CjV J-allj Sj'-lLo jail jajlLo (j^aajxj UjlLolj <il j£ja • 

: (jja j£ll j'-"^ (j jl jj lIjjIj (_j jL^J '"J^ . lajla j»^ll a 

sys sys 

. = Vf n H C0 3.f = (1.72505xlQ- 3 mol-n cons )(0.133mol-n cons ) 

a ~ »;;;•<,, 7.0x10- mo i + n cons 

< = 3.97 xl0~ 6 mol 
n cons =1.72478xl0- 3 mol 

w £ f =n^ Q -n cons =1.72505x10^ mol- 1.72478 x 10~ 3 mol 
= 2.7xl0" 7 mol 

L_ll j^JI ,j a Ija O,''"^' (J^' ^ajo«-all alSjifl I " 'I jl i aa II eljjl jaimj aJ 

(jlSl iAjjoa-o jalSjl <C£}tj jl (ja-o5j Jc. ^ jW.l LjA jl.lC.VI ^JJ-^ jl • JJ^VI 

.(jaSJ jac- '1 ^ ill i_jIj^JI 
: H + 1 (_j]ja1I jaljall (Jl l Aj J jla all 4 . >i j«^» (J-alc. ' , '"'^Jj • 

sys _-y 

[H+]r = %V = 2.7x10 mol = 5 4xl0 _ 8 mol 
V blood 5.0L L 

jxJI ^ ji. jj pH j»-il! 4 . >< j^^. J-olc jLjy lil 
pH=-log[H + ]f s =7.3 

Ajijoill .4 

^*a a.lll 4 . >i jxii. (Jxlc j^jLuia tAiaauull AoSjaII CiU jajfLull Jij^. j AlLi. J :i_jIj^JI (I) 

•7.3 (jjJOjalVl (>o ja^ ji ^^ojI 
CiljJ CAjjajfLjall ( jSl t ( ^*aalall (j-o !Aala JSI ».ill 4 . >i jaa. (J-alc (JljLo ' (jj^all (< ■ 

H + OUjaVl JSaj .laa^ (jiliiftl 
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• HCO3 Jl A-» UjUjLj ajjjJI 

t ■ ilia 1 jl .j_j^_aJ _>^J (_y - W Jal -'l^ (jjj^- 4 ^ tjl^SlI (jl jA JJJ^ / a ^"J 1 (_paljJ3lJ liaS Lijl j£ij 

^LJa Ailrk^ jj^llo J) H 2 C0 3 — II j Ctij^Vl (> l£ '^1; 'gil jll J <d jjc. >(# a jJI 
ol£ jj l^U Jlj .Jau ^Ij 

f-lLV AJcli S^iV., J till jjai. J . — c7 (j-« S-yj^ ya^. (J^lc .lie 1 j KaT, (_£ J^Vl 

■ rJ ^ , A JMl 

A^U^ jj^il 3.9.5 

j a 1 «aJJ 

(^ill (Jjliall Jftlijll jA ^IajVI j Ljjji OJ^J J ^JJ^j ( SJ ^ lP") JW^I 

1,^.^1 (jl .UlLoi lijjl (jj^Jj ^ JJ^j (^l 1 - (j^*-all JJC. (j-a^ Jlxal£]l (JJiiaJI Aj3 L-b iuSj 

Jc. .4jjIa«j£ J_)&^ elite lij g^l_jj <_jA (julajHj Jlallj ^s\l jjl Jl <jjaill jjl Uj^J j .AiAiJI 
^-a (jA«-a]l J <-£"^' .l).liJI (Jelijj I ajja AjAaJI Je (_£ jSaS Jill j.jl*-ajl I Aj^jj i(Jl!La]| (Jjfui 
Fe 3+ JtJj-aj] (Fe) 4jj.i*-ajl Jj-laJI ClUjja. -L^Ijj (_$! .^Ul Jj^ji «l j$JI J (_£-JI ...<Vl 

(Fe 2 0 3 ) jj^JI ai^I ^ A^jjjll j . O 2 Jl jj (0 2 ) jia^Vl t_jllij> J J 

j Ailia Jj] jaJ Ajjlxaj£ JJ^II eliLclij]! (J-axluij 0 jj^j ^^A AjjUajJl j 

Cjl /uAll J Alalill Ailkll s^Lijj 4jjIjj^£ Ailia Jl ^Ixajill Ailkll Jjj^-u lillj (JxiS 
i_llLui L_lia3j tsiie o^Lall £^JJ (cathode la^ ■ ■ la yA ' ■ Ja3 AjjlkJI J JL^. jj 2 jja «ti 

dUjjj^lVI (»^l Jj 1 Jil 2jMj«j< cii!>lc.lij]l j .'iiai^Vl a^ic. J. a^j (anode j« >^«) 

Cllljjjj^lVI (jV 't^ J^l ^..'^..'''I^J" j ^l^^)^ * jji 7" jl Sjlj (J w ni'l IjA (jj-a^]l (_3j3 (JLaxjjoil 

.(jj^t (jja *UJy V-. Jg J Jl JlSijVI Ajji 
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CllltLmJ <j-aLkll ^jAlill CjLjjUaJ qa 'jijJI ClAjjUaJI _jjl JJJ^ 

jjiijll Lj^-aJ ilgjjlj cCjIjLluJI J Ala«AuLttIl <Jj ia^aJl (j-aL-aj]l ClAjjUaJj I JjJ-a ' Jjll 

* f ' 

ja-o j sljjfl Cl U L_llaJI ( Jai« Ifriaj cAjjJaJ <jj]all Cjl jj^ajll j 

(J-at l^JJ Ailujj j^jj]! SjjUiiti [^jIaaIIj . (jjJaJI ojcLoixi till jj^j j ' ■ llall (jlsia. C_L>Li^aj 

^ jjjjM JjJ jj AjjUsj U jj <^l Aia^Jl 21.5 

jj^j . U.-. ^ <jjij3 s^lc (lithium- iodide) - j.:VH jjjjj dLjUaj JoVmn :<UIul« 

^LaC 4jjl Lull Jjaij L-llkL ( - ■ ^ ^4 ^JJJ <-_lAsll (J^afi Ijiaj j . (\— 40.5 lK Mill) 

. LluiL ill I j aj a ■ aj !>Lalc. (J1«J AjjUaJI j^C 

: I lis j j» jAiHI aj^ jj AjjLLj J ^laJI (JtliUll J. a^j 

2 Li + I 2 ^ 2 Lil 

: jA laJ^ all J J' aaj (_£j]l (Jclijll ' Luaj ^La.j] j 

I 2 + 2 e " -» 2 I" 
Li -> Li + + e~ 
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?UK AjjUaJI £JJSJ ( _ s Ja. i» i axil (j* 

(J (jLoj ^1 iiajill jl-lia L-ll ijaJ j .(i_J-40.5 JLill) -j/'J^I ,H >>-ia 4-ajiilaJI :<J»J1 

;2 — 9.5 <JLmll 4 ia uJl "Ujlx^i J aailuil 1 il£ aJ < i« ■ a^ll jj-o ^Jjj 

IX* ~Z?-J + < 7-,ge„ -?-,cons = <?^cc 

k 



:UU SlcU. 4liLoall laLm 

?-,gen -?-,out =0 

-j/'J^I L-ilaS ^3 ojJjlaJI aJLJI 2 ja uJl ^ jLoi 4-a jJiiall (j* <a.jlaj| AjlLoJI 4 uJI ttij 

^i) LK ju^ty ^jAill! J J) I jJijj .cjUjjSlJj Li + (^ixJ UK ^jMSi J ^1 jiaL 

0.5 g SUaxJI *jS|j&jVI AiKJI JLajJ LuLaj c 1 : 1 2^1. CiijJ&l] AjljSl (^'■•■■J fjAJSI J 
jJllij ^^jll ^ ja uJl jl^La L-lL aa ^aJ (j-aj (_>"LjjI L_)LmaJ ^^jj^^aJI jj-a 

m u 0.5 g 



M u 6.941- 8 



= 0.072 mol Li 



mol 

^La^klall jAJu ^ (-) <JLJ AiaJillj .Vj- 0.072 ^jM 4^V! fjAllJI 4a*£ jij 

0.072 mol Li =0.072 mol(-) 



.gen 



iCAi j\ ^1 3 ia uJI (j-a ^ j-aJI jt^Lall (Jjjaj Lu£ aJ i^l jl jU Clulj JLaxiajLj 



g_ out = (0.072 mol(-)) 



^964 85C A 



= 6950C 



mol(-) 

.LJ£ 1 g * (^jij 1 alia Ljjii 7000 (_J jLjj A ia ui ajAjlll ^Pj^ "SiJ-^ u ^***' 

lilj cLujij (jjl j£ 8000 t _gJa 6000 (j-a AajLoJI ' ■ llSlI j'-''' jaJala AjjLWj Ajuoi jLoij 

.V ji»-a Lijl ja. 
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■41 g J ,, l , J , j J jj j| tSll^l^ jl J jJ jl AjlcUoll A^i jJilall AjjIjj$£1I AiUall (j£aj 

(JLaxiuil J' jaLall ij-o (jj^J 'SjM AiUall ClY^x-a ,-A Cjljjax all (jjSj 1 alia j .Ajoiij 1 " IS jll 

:2~4.5 AjjIjj^I <5U=JI Ajjl AblxJ ajL^UjII 4iu<->\\ 

+ S^ec "ZW elec = ^L_ (1-10.5) 

.4-4.5 aLIxJLi sLL*x ajU£^I Axa^IIj 

tl^£i^2jgij (_£^)a.l j tdlLjjl Lull Ljia j cAjjL^S AilL J jj Cllljj^j liiiiilj t6.5 x-JaLttll 

AiUall .111 jj (_fcx_« i_5jLuy '4 — 6.5 <LLlx-all ^ (jJXall l^a jj .CllLajlLall l$ia j 

EG elec =/v, (2-10.5) 



^gi (jJf« jA Lai lijj j . Aj3 jia (jjj AjjI jill jA V ^ J J' ajxll ^>JC. jLall jLjII jA j (jl 

:ajj\jj^£1I AiLLll j. aj»JI ti^L^U Jax-s ^jLuj t6-6.5 ALU-all 
2X lec =/v s (3-10.5) 

^G dec jJ^aJI (jj -^LUl till^Jl jiuajatll ^ AJajLJI Ajjljill jA V fi (jj llua. 

tluja ^1 uU. jjaIIIj oL>I j±axJ^\ jU 111 tAc.1 LU Ilia. Ua / j 
P=iv (4-10.5) 

.Ajjljill jA V j 'jLull jA Z j cojjall J Acl LuiLiiVl (^A P (jj 

lil^l g" 1 ' "I j JjIjJJ Aj-aliJI CjIjLxII lilli ( _ ? lc- Ajjljill L_a_jjijj£ (j_>j^ *' J ^} J^"' 1 

Axjjiij jl ■ '»*■<- (j* Aiilkll JJjaj pLul ajjiill jl Ac! LumVI cSDLjU (jl .AjjL)j$£1I AiUall 

(^lla, (j " i ajj (_5ja.l dllSjJJaJ AxjJaj ^ jUVi,„a t^iaLall li& ^ Lai t8.5 xJaiLall ^ Ll 

.AjjLjj^III AiLkll Ajjl j-a aJjIx^i ^fl liS^g'i.nVlj All jjll 

^ fj^lll JjJ jj AjjILj 22.5 Jlltll 

• 21.5 (JIaaII ^ ojj^AaII iiliil A^jLLa ja jAJ -^^JJ ^JjLaiJ i ■ llall (j'— Jjjj lAjLuta 
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Uj£ «J a jAjlll .IpjJ AjjUaJ (j^i ' L-^ajj AjjLiaj^j^SII I - 41.5 (J^ uJI Jg iajj 

Ajj]j3 (_5jLuij 41.5 (J*^ H\j (JJJ-a jlia £-0 Ailia ^ .'*'".' -^"■''"^ J AjjIaxuS j^SII Li^iLiJI laj 

JjljJ V) 2.8 V '(J- 1 ^ Jj^J aJft jja. AjjLLJI ^J^a (jjj (JjiISj IV g <*.jjLol\ SjUl 

4 jjl j ajS Lj!>LaJI (jl (j^ajaal . (Lj jiaj (JjLuiall (Ja. (jja. Lille. Igja <L*atLo 

ajjU^JI |jj .10kQ (_£ jLjjJ i? in( AjLklj A-ajlLo (j-ojJaJJ AjjLLJI (j-»jJa 

(_pajj - k*« - <La jlLa] jll jl-lLoll jA La I ^ ■ axjl ^3 a (jA*-<s (j^i 0.60g ^j^C 

:JaJI 

• 1 

I a lie l^£l^L-aJ ^^jll e j^all jl A£.UaluiVI j (_pajj alala] ^U,,, j]l 4_<ijliLa]| t . un-sl (I) 

.Ol jia, 10j CjI^ 8 AjjtUI 



2.8 V 



fl int =10kQ 
AU— 



R, 



alala j a jJJjlil JjJ jJ LpUJ £j : 41.5 JLuJI 
. (jjlojlLaj <3Ua ^^Ic (_JjjaJ l ■ M\ t_ya±i 




lJSII ^ jJii. :i-41.5 JL^I 



Jllall ^1 lilt JjVl L^LaJ .AJLu-all oIa JaJ jAo jJiia .^Jaj <_la_) :-kka_&]l 
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Ajjljll j i^t-J - 40.5 J S ni II) ^ jAiill lauuax 4-» jialall ' " 13 JS ' " La c21.5 

: CjUiJaja (I) 

j j^ull ^ jLi. Ajdl jill ^jaiaj AjjliaJI (j^i 3 ui i_jjjjjj V • 

.V cC 'inol • 

IjjuLuVl i.lmii l^i«J c^jJOil]! (j-a O^Og^C- ^ AjjlkJI <_£ jiaj :<jjjLuiVl (t— l) 

n Li =^_^^ = o.086 mol Li 

M " 6.941-^- 
mol 

. fJ A,UI ^ v j- 0.086 Jic ^ ^ji^j ^jjLkJ! 

I 2 + 2 e - -> 2 1 :±*A J. 

Li — > Li + + e~ j juu aJ l 

t—il ma .3 

A *M aJjU^, JlaxU I •■'< -j c2 1.5 Jllall JjC. Jc :4jjlx^]l (!) 

iajjLLJI ui jj <i^JI Jji, M L^1 2-9.5 

4_u]jiilj jljllli t AjjJujjS ^^jjjlB (JLqjlAjluI Ijj^qj tojiLud-a 

; (j^ajj jjaia] Ajjajj j]l <-o jtLoJI Ij lag] ^ jl (jjjli j 

I*. V,.-o 
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z 

loop 



elements ^ 



v = iR 

J ,*Vi.„-i <JL, JjVl 2ujiu*ll ^ Ji^s V .21.5 Jli-D Jjfc Je. • 

?-,ge„-?-,out =0 



0.086 mol Li 



lmol(-) 
1 mol Li 



96 485 C 
mol(-) 



8298 C 



.dlljiu 10 ts J^ 8 9.1a (_£-la is lc 



z 

loop 



V elements = V B ~ V in, " V L =0 



V B =Z 'i„t^int+ z 'l^l 
(jjjli (jj.'^**' Lu^al c<La jlalait (j^i (jl£-o ^ ^£ 

v B =/(i? mt + i? L ) 



.SjUl jjc jLoJI jLull jA Z <j) tlua 
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liJjl 111 ojUl _)Jt (jS-lJJ (_£.a]I jliill jl^Lo i— iLui^ I ij£ aJ ijliill ' ','J»* (Jl aatAuilj 

:o1>, 8 AjjLkJI 



2 = 



d# 8298 C 



J? 8 years 



f 1 > 
lyear 


{ Iday^ 


f I 


v 365 day J 


^24hr J 


v 3600 s J 



= 33^A 



AjjLLJI (jijxj (jl L1jc.j lj] 26(J,A (_£jLuij jliill (jl (jjfi; \ <g uaj Aijjialljj 

.dlljijLU 10 

(jjjlS (JJfLdJ L-lLui^ (j^J tdll j'u.i 10 J 8 ^'"*- jljjll cj"^ 4 ^ (JLaxlmlj • 



tf L = — -# int = ^^-10kQ = 75kC2 
i 33(j,A 



8 .lie. 



(_£ jLuij CjI jIlu 10 H <ULa. ^ ^ Saj a jll 4-a jlLall (jl la ' l^uij 4ajjialljj 

• 98kQ 

4jjIjj$£1I AiLkll 4jjl j-a 4blx^i (jl Uj£ aj 111 .^IjJJ jl 2JLL l^iS V j 

"2X, + IX lec =0 

; 

lfc.ll jJ ,^11 ojJall ji 4£.UalmVI (jl ^aj cCljl jjjoi 8 -Ait ''*"■>' ^jjll jaJall JLaxIijAj 

:(_JjLuij AjjUaJI 

Z^eiec=Z4 J =/v =(33nA)(2.8V) = 9.24xKr 5 - 

i s 

Sj.lall jl 4c1 U'.nVI (jjS tdlljun 10 ILj Aj-aLiJI ajall (JLaxiuAjj 

t (j^ill S j Jail jl 4r.11-n.nVI tSlli (>=»J JJjjj . 7.28xl0~ 5 J/S sialyl 

.1 g mij 4jjUaJI (j<i.<i <_s^W11 J 



2^ ujj | .4 
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10 

9.24xl0~ 5 J/s j JjVl AiUJI J 7.28xl(T 5 J/s ^jLUI ui Jll SjjM J 

AjtaJ^o (jSl I a-jSIl oiA ■ a Jc J'"' ■ - - A&Luj Jc J j ■ aa II L-Uu all (j-o ' ja-v'ti (< . ^ 

AjjI jaJI 4a jJ>1I S jJfl ji Acllaiu.1 23.5 Jli»fl 

4jjLj^)^£ Jl AjjI^jaJI 31Uall (Jjjaj Jc JbaLutJ ejj^aJj ^^A AjjIjaJI <La.jJ^a]l :4jLuia 

^J*? J" 'J^ 3, ■^ c " (jjalmll u"'^' "*J <_S"^) J-^^J . l«-o (jxo _j^La (^itui JuJla.j (_}jiLai) 

Jljjg£ (jj- 4 ^ L3J^ 'AjjI ja. 4a.jJi (J^M* S-^ (_^i3l (jl£-all J (_£ ji.VI j 'A^i _jl*-o 

j'-"' J jj j (jjoalla a La^jjjlja. j i C±s\£> Ijl 1 a$ 'ill Jlj^gjl jLjj jjj^ JJ (_5^jJ 
SjUl ^)JC jLaJI ^cjlill J i aJ j clO ITlV J'^ J - aj (jj^S cjj^ AjjIjiJI dlla.jJi3-<JI 

?*j3Lj|£ Jl <jjlj=JI 4SIL1I Jjj^i J!^ jA Ua . 1000 \iAJ\ 

J\ A i*. ui ^£1 jjj V .(42.5 JLill) AjjI jaJI 4a. jJjJI ^ «. ja. Jc. 2^ jkiJI ^ jjaj :JaJI 
(_gjl^)aJI ^ jJull ejSluKl SJla. J "LajiaiaJt (jjSj lilj t^JjI^jaJI dlla. jJl^-all J Allia 

(Jlx^j AiilL 5-o jJaiJI Jl .Ajjl jaJI Aa.jJjJI (Ji.b j>a AiLkll Jj3_»j] Sa. Jl ja.j Jl 

: Jj AjjIjj^III 5iUall Ajjl AjLjalijII 5Jjlxx]| U'nn lil . jLall liA l^io ^J^J j 

l^jll Ijultj A^i jJalaJI (j^i La.jLa. CIijIj jlij (jjSJuj 1 jLiiB i_j jjJujjS (jjj^ J& 

:Ajo3 jill ^ja j jlilll 5JVJu AiLkll Jul jj (Jbui 

Z^elec=E^J-Z^,* = I >;- I '* V * =Z '( V ;- V i) 
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£G elec =(1000|aA)(10mV)= 1x10 5 - 



AJajJjj (_£jljaJI 



.La ^ jU. i$ J j*- <5Ua 



+ 

-O V O- 



B 



V k<hl 



.Ajjl^p. A^.jJ_^o :42.5 (Jiuill 

Cogdell JR, Foundations of 
Electrical Engineering, 2d ed. 
Upper Saddle River, NJ: Prentice 
Hall, 1996. 



-.jaUJI lillj ■ ••<•,„, w, j iAjjLij^ill AaUall j AjaJil] aa*AjJ^\ ^jjaILJ! J. aill 11a ,J li»ia 

^ ia uJI J AiLaJ-all AjxIjj jj]I (j^al jail AjjI j^ll AljLt-a Ac. Lb LiaSj .Ajj] jillj jLull ^^ijjxj 
^jic. JaLiajVI AliLt-a (Jj^aJ jL^aj 1 Lujj AjjI AsLlaJI j aJLuJI A la uJI j Aja. j-a]l 

2 ifll ■ a3 l Ada-iill 

£jLui _j]Ij CjLjjUaJlj Llllij£-aJI j CllLa jLLail Lj-La j AxjLill ojUl j . «a! 'if. 1 jj ■ a£j i al j 

AjjI AaUall AjjI j^i CjV^Lt-o j-a Ajjljill j jLull i— a ^ jjlS Lta^ajjoil j Ajj jajjajll 

^glc (jjjlS £-a A_£ll jillj jLuIl l— a ^jj ^jU (JjJJiaJ (jfja. j .A_aj!>La]l A ia uill AjjI j^i j 

JjaL>J L_lLuiaJ ClVjU-aJI JLaaU Aji£ I ilia j .Aja. L^ila. A ji*r»V ^iLaj <_ s icj Ac _jHa Cjljlj 
.AjlcLij ^xlaj (j-aaj (JjLuiaII j,a Ac^aa a (J 2 ^ LvaSj 1 h <ajc j .'ijj*j-a]l -U'lti 

A^jjoiaJI ojLall JlsjjLi A_a jJala ^ ^Ijjj jl (jLaJ AjjL)j$£]I AaUall jl 5.5 JjJaJ ^Ji 

(jjj La JjjajJLij t j^UJI jJCj jj^LvaJI ^LajlLij iA-ajIilall JjJa. JJC 

Lal . ^gjLj-ojSJI (JclijlLl jl A-a;luiaJI ojLall (JlSjjLl La£ljJJ (jl AjILuJIj Aja.j^ll AjajoAl (j^aJj 
(_5 ja.Vl J jjLoill CjLiLjj Jjl^aJI jiajl .iaSS 2 ^ II s^LaJI JLSljLi ^1 jjjS AjsLwall AjaJoll 

.Ajjliail 
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AiUail ja j£l\x* ^fl fStjSJlj libl^iutfl J AiSj^lj O^ala :5.5 JjJaJl 





AjljJ + 














SjU JlSjjl 




AiUail 
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JjLuL4 

dil t-ijxj f.LiiJI QAiJa Cjljiii jic L^LkJI ^ LJlc. diljjjSn ^jjj 1.5 

(j^ajlial .AjIUI CjUjjI (jj^jj-ligJI CLiljjjl 4 " alia (JjLj j 

(jl j i<^.JjLa sLiall (jjSj LaAjc. AjIsJI J) (jiSS H + <f^.j-«i (jj^jjjuA jjj 4.9xl0 9 (j' 
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SjU,„ jii <c.jjoJ| ^ La .6.2x10 1 A lSj^j Jji<JI jLull (jlj d6 A(_sjL^j 

SLifl (j^u_a LtAai. UJ I JJ^. CjUjjVI (jl (_pajjal ?4jjUll ,j jlailluJlj aj^La ClAj jJjU 

..Jajj CjSj ^ 

10 4 J-oJj I g ' Cfi- j^jaLall (-jUjJ^U Ljli ajj (3J^ Lj^laJI 4 unr.l Jl] jj 2.5 

(jl (_paljjalj .CjjiiSj-o 70 4jjjU». ^jaS (jjj (j^Ua-all (jjj^' 

flit jjc. Na + dJi 
? Na + j> jp 

La . ClljJfd 3 i_$ jLjJ Jaj (_gjlll jbjll (jl J cdlUljS 6 (_£ jL-uJ La AjjUaJ AiiljS (jl (j^ajjil 3.5 

YajjLLlJI ^ ji. Sj^a jl Sr.l U*.„l jl^La jA 

(jUlj.ua (jUa jlia) l~43.5 cK in II ,J jjajjfall (jijjl^ll J£J AjjVI aJLjiVI (jc (_±aj 4.5 

. (Lc-jiij (jV jwa j« (jUa jLl«J 43.5 (J^ 1 nil J (UluilmJ 

I j till jLull CllV^Lt-a ^UiiuiV Ajjljall j jUlil <— a jjoijjS ^jjlS £_a ^ajl (jjjlS (_L«lml (|J 

• V J R 2 J fi^JJ (AjjI jill £jia j i? 2 3-ajllall j ^4-ajliall jJt) Z j i 2 J 
SJjla-a ^jijjoil . / j V (^ ajS JJJ3U (jjj _/? Aj3l£-a "LajlLaJ R 2 J R 1 A1Aaa (j£-aJ^L_l| 

• 7? 2 J i?, i? ^3l£JI 4-ajlLaIl 




0) 



.4.5 <JUJI Sjb Uakiua : 43.5 Jiil! 



1.4 V -=- 



0.3 n 0.2 n 
Wv 



0.5 ft 



2ft 
-WV 



10 ft 



1.5 (2 



0.411 



Sjj Lk^a :44.5 JiAJI 
.5.5 aIUJ 
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jLiii] t_i jjla (jjjls (J^atAuil c44.5 (J^joJI (^gi A jjfoil Sjl^ll (j^aljjalj 5.5 

; .JlJ La L-lLmaJ j 
.Ajdl j3 !*.'*'" J "LajLla (J£ ^^C- sjLall till jljdll (I) 
g-aLi^ JLaxIuil IjLttJI (j* jj^J -S3 :4jaaSLa) tljLajlLall ^xaaJ 4j21£a1I <LajlLaJI (t-j) 

. (tllV^Lt-all jlaia (J^J t_L>ljLa (3-° i^J^^ 
(_ljjaiJ AjjI JJ$£3I till jUI ^iLaj JLaxiuAj o^Lall jl <li£ll (j}3.ii ' a j (j^aJ La Lilt 6.5 

4jjLij$£]I 4jaJJI £3.1 (jl£al jljc. ^ LaLaJ . jLull j jjj 4jLij]l 

JJC jLall jlilll (_£jjjj .(jiliaij ^ (jjIai-Ja (jjj (JjilLl AJj£1I £3J '(jj- 4 ^ L3^>*4 

^ (jJaliajl aX&\\ JjaJj «L£I J- a^j ciilli jl jc. ^glc j .Ig-ilc Ajiil j3 -la_aJA <La jlLa 

(Jajjl L>jj^j 45.5 .(^LajlLJI) 4j£l£i^VI ^-alixJI jjc £-a 

Jail ■ ^ 4_i±ijii]l jajall i lujaC.1 .13 j .Ajjj^)1I Ajj-aJI ojjJI j AjAua II Ajj-a^ll ojjJI jjt jaJI 
ojlj (_gj..Vnr j jja.Aalaj Ajj-aJI SjjJI (j-a (jjjj^a (J£ (jjj ^Jl 



10 mmHg 



6 mmHg 



-AW- 



I 22 



-AAAr 



20 mmHg 



) 



5 mmHg 



Venules PnlmQnarv 



man 



0 mmHg 



10(1 



(jbjjijl 



*iA> mmHg mmHg ^ " 



99 mmHg 



AW 



97 mmHg 



35 mmHg 



10 mmHg 



4 mmHg 



Venae 

tjj=.Vi 



1 mmHg 



Larae 



2 mmHg 




85 mmHg 



Small 3 mmHg 



.•LjJj]! Ajj-aJI ojj^llj Asm 11 4j_j^JI Sjj^II __)JC. j»j]l ^ Ijjai :45.5 (JiuiJI 



(j_ajbll Ual^a (jl (JJJj ciaijJall ia j;^ J Ai^]l (j}3.ii -^J^ ^J^Lt^i ^j-^ ^|J 
i-j (j-^^ tS^" •»L!a*-a]l <-ajlala]l ^^ic (J^ajj Ajdl jill t_i _ajijj£ 

o jiluia (J* ^5- a _jiaia]l (jt (J jii (jl aj liLa tAjiil 

^ tllljlil 5 (_5jLjj ^^-aa^aJI A^kSj Jtix-a (jlj I u^-in (jjiJ ^^11 (j2lj (jl (_pajjal (t_l) 
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J-uLL^j ejb ja j <(Wheatstone bridge) jjlail j Lkkk^ 46.5 <_&^l u?jj 7.5 

(jjijjlLall ^ Lllc. jj jj uJal j (Ja»*imj iAjjj^JI ^ i a li^ 11 CIsILaLj ^ j . CllLa jlLall (JjAjLI 

£-a JJ«2 -ll jaII ojlA CjLajlLa Lj^iJI J I— L>Liaxll j -1 Laail Sj<iM<i«ll jj^jl vw* ^j]| 

.<LlJa S-ii ciili CiljUj ^hjL jl^a. ja j < (galvanometer) (^ililc. ^Li jl^a. 

Jl _/? j <La jlLall Jjij > ^. 4-a jlLall A-ajS Aji^jl j . jjljijlj j (jtLa jl*-a Rj J R\ (j^"" jlLall J 
i— SjjlujjS ^jjlSj ^»jl (jjjlii (JLaaliuAj . IjL-a (jjjill jig-?. ^3 jLall jLiill ^ « ■ aJ (jl 

pistil La-Iic. A^jlt-all ClLa jlLall aW-IJ 7? ( Alj£?_all <La jlLall <Lajij Ala> iAjjljill j jlsjll 

.(jJjLall ^ jLoll 

jLpjl j-o Ala jlLo (j-aiLijj SjIj jj^aic ^a (thermistor) ajJj^JI a^ jIU 8.5 

AaMxHj T S all. .11 ejljaJI Aa.j.1j 2_)jl jaJI 4-a jlLall 4-ajii iaJJJJ j .ajljaj 

.(jiKHj oj!lLa Sjlj^JI Aji.jJ <^A T j AjjIjaJI 4-a jlLall Sjla CjjIj jA P '*•';■«■ 
O^Aj t(Jila3l (j^J ^J-^ A-ajlLa £jJa jj tgjAk (Jiia ojlji. A-^jJ (_>J-lL!j 

Aj3 47.5 (J£joJI ^ cltif^ {Jj* i a 111 j «■ 3?- c?* 4-o jlLall 

5000 Q^jL^ a^jILJI A^a J a-j ■R l =R 2 = 4500 Q 

^UK (j^ULo ^ jLJI jliHI lij . 4000 K yjjLu l^^L« CjjIj Jj 1 25 °C 

?JiiJI s J A^jJ U ci? 3 = 3100^2 Lo^C I ji^ 




j j"i ' i i ia l j :46.5 Jiuill 
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>^ :47.5 JiiJI 

(jjuiia ^Ijjl Ja>V Lya^iJa jj La^j 1—48.5 Jiili (JJJJ . e = AL / L : L J^»Vl 
jjij Jj ^Ij^ll lS^jJ tA^ijlLall liEsLjjVI £uiajj All jJaj Ajtjjla ' ■ UaJ . Jlxsj^l 

(JJJ-o jlLall I^Llu lalal c jLoull *' ^Ijill l '^"j^"' Ijj 1 (JliLall (J-Uj a Jc ."LajlLall 4-ajii 
^JaLall A^.Lji« (jl i -»'«*' £-a (J jUti J J , a l a 11 JaUalaYI lS^J^J • ^jLaia UaUaial _/? 4 J 
jjxj (jl jLoJ lilLJI a'jj& (jl (ilJj I al ■ .IgjLajlia jLojl lilXoill ^L-ajaJI 

_/? 2 t5 ^i^ J JlxiiiU (JjIi <aj| j ail liil (_£^jJ iAAuij dlS _all Jj . p AjC. Al« jlLa 1 i 
(jl i aflj Jj La I^Aj iLa^JxJaa-a <^Lui« ^LpJ)l J < 1 "g.^J^" j_) '"' Jj R~$J 

• G (J*al& J Uoo dlljjjtAxill si* ^j-ia (jS-oJj .La^ilajlLa 

AL/L 

Ji^V .^-48.5 JLill J (jjjJI jjluJal j 

V^J 2jj] jill (jjLiu l^ja J-axlojJ Ajl I^C La 7.5 AJLaiJI J Jll lillil A^jLLa ojl-JI jl 
(J j.^ijaII j' ajatJI Jc lajUj-ll (j JjjS J*^ >J J j» a (j ujjj . ^ il ale (j al j« a ^j-a 
jLall jliill (JLaAj (j^aJ 1-^ * J,'.'^ Ajliljll Ajdl jail (_)JjLa <La jlLa j .LlC._)ij <x-a 

.<J3 
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: 1-48.5 Ji.il! 

; j^i a^ll 

Cobbold RSC, Transducers for 
Biomedical Measurements: 
Principles and Applications. 
New York: John Wiley &Sons, 
1974, p. 121. 

Bartholomew D., Electrical 
Measurements and 
Instrumentation. Boston: Allyn 
and Bacon, 1963. 



M-48.5 JiAH 



A/? 



Av 0 =v ■ 



jj^ll jja ja v j 'R 2 =R 3 =R -AR j 'R l =R 4 =R +AR uj ^ 

.Ajj] jill (jJjLaJ (jjilLall (jj-a^ll (Jj3 jA V q J J^l (V*'" CS^-^ 3 UiJ 

<xjS]I i— ijjkj lil .cJja 10 isj^ ^jj] j3 (jij cG = 0.47 (JjLjSII 

JUijl jljLs jA La isjfill (JJfJaJ (jja. 15lTlV J 4jj]ji]| (JjAjLo IgJI J^Ai 
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■ ■ llflll ^j'— «'< ^ja ■ ao3 LiLiaJ (Ja»* id'i Alijb jA S jttati t jUVa\l S_lc.Lai.oJ (J ■ aJJ ■ "V I 10 
4_JJ 4^, jj AjjjfLiA AjjjjI j ^I_»aI 4 iajailjj jm'i (jajaiJ tAaj_)Ia]l ojA 

f.l_)^l iaa « (jc AjjIj^^II SjLjiVI ' ■ '7- aj Ajjj AjLaxJI aAA 1 . ""'J .S_)laJ3 4 lajailjj 
^1 jJ^\ (jc ^alill SjljaJI Aa.jJ ^lijjl cAjjjll J jj-aa. (jl^o] (JJiil j ' ■ llflll 

Aajj^oJI i » jUVafl 1 4 ^-."J" "Lij'^)^- 4a. «»* inlj LJlc- Ajjj£j-oJI 

aL^jj .lie. A-o jLLo j & ;j aL^j ^3 Ix-o ^j.Lo_aa-Lo (jjfllja a (jjjax-o ^j-a Aj^)1 -J^~^ 

'(Seebeck effect) £^ Jjxio LS ^j SjAlla -(49.5 J-vill) Aj*a.^ 

Ajjua j]I JJO liUi (j^i ^jitl (jjluajll Ali-a j JJC Sjl^)aJI Aa.jJ (jj^J Lojjc j 

A-ojlLall £_o Uc^jSj y& Ajj] j2 al j« a Jaxjj .SjIjJI yf. jlij j-aj tA-Uta jaII 

'.Kit .'1 i ua II (J-al*J (_piuiaj]l <L aj Sjl^a. Aa.jjj Jaijjj Ajj] j3 

Aa.jj <_A y j 4Ajjl^)ajl Aa. jj_^a]l Jja-o ( _ s ie S Ajjuil i aa il (_Lilc -1«J*J '*'J^ 
. |J,V J J-^J (J^LiaI! Ajj] J^l jA V J ' °C J SjjLo Qiuaiaall AL*aj jjc. Sjl^)ajl 

jjS Lo^jc. 45|o,V/°C (Cu 57 Ni 43 ) jLul_ujjj£]l j <jAai]| Aj^Lja. JJx. <_sjLjj 

ALaj]l Sjlja. Aa.jj l_jjl£ |j| .[9] 20°C AjjLovo T R Ajxa. j-a]l SjljaJI Aajj 
Sjlaja]! J (_£_ul Ajj] ji]| (JjAjLo jUil j t 20° C (_S jL-JJ Sjlaja]l J Ajxa.j^]l 

gLLauJI Sjlja. Aa.jj ^-A Lai t 3.8 mV 



(jl "ill "lull j£ 





AjjI ja. Aa. jJ_>a :49.5 Jiwll 



A^jjj jLLI J phonocardiograph <_JS1I (_>ajj Ci ^^a Jn..nM aJI ^11 
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jl (j^ajjal A£ « uJI J","" J i j| t AjlSUj * (j^J - 120 (_JjLuij AjjLjj^ji 

44JJJJSJ La ^ o.jjljll cllLajlLoSI :4ja^^La^ ^ jl (jjilil iaaj jLuiiVI pi'Q 

• ^l^-uj^j ^ *><*•- i w \ ^ 

.41*.! j JJC- (_! jlilall jIjjSI J«J ' '''J"- ; ^ .'Jg^ jjijLall ^^ic. ojj 4j*J J L_l iaJ (I) 



jjlaj JA . jjaJ 5 (j/O JJJtl <J3 ja Ijj (Jjii-S (^-Sl g J mill (jl lj-iajl djjl 

dsiiii jjiijLall ^ -I .'jg^H cs^-^? - ^ ■^• i£ -^ ja " 1 s- 1 aL.^«-i l-iil dsjjii (Cj) 

<LajlLa (j! (j^ajjal .l&J-lk*a j l^JC.1 ji JJC jLjj JJJ« t^ISi ^ JlL3 1 Jy (J^J !«■ j?. 

"LojlLoSI jlj t^ajl 500 j 1 1 all <L« jlLa (jl j cLajl 750 ^Ijj (Jj> 

4 Aj-lii £jij jLjj 4j3 j« I j] t-jSjjj ' ■ llaSI (jl 1 - ' "I .13 j . jAi^ail JJC ■> ■ ajl aJLo 

' ■ lli ' 'sk jjj (Ja • JJJ-ol 

t qIVijI) jlaaaJU uji r^i 'jJf«l tjlj- 0 75 i_5 jLuy (^jli. jIjj i_jlaSI ^ j-o lj](^) 

?(jlliiJlj lojj ' ■ lli i— iL <aJ (Ja .(ss.U£j ^aSI ~ ■ aj V <1*J>J Sijjkj 

il-ijl I j*» ij| ^^jll 1 g maj <i)jJalLj (Jjulill ^j-jj?- •^ Jt i'j M Jl ^i-li^a jjijjjJ djjjii 
jLiill o^Ji La .jajlUtJ-o 20 jLaU l^j-ojlLo 5 J lal la a CLlljliS (JLaxiaAj (j^l j 

?L^ajjii. ^ jLi^l tSlSi JJ jj ■ u 1 SjS .lAj^j-a j jjj (JjijjjJ (_JJj ^ j-oj (^^1 

Jaill lijj AJxill aJVI J .CjU^JI (Jij .jU'.-.j DNA -II J ui^UI c^l 12.5 
(illjs l^jL ^1 Ajjjj=JI CjUijjjUVI ^ DNA SI JLoxjjJ (j£«j tAijjx^ jjc 

L_lijjjll ^^It A_ajlail dllluai all j Clsljj jjj^IVI (_HJ^y (^ ^1 <il£lll j jJ*JI (j-o J 7- all 

^ lilj i^jbjtSU JSLill ajUIj DNA —SI J JaiSI aJI oLjjiij JSlJ ^j^J (jl 

DNA —II Aijaa. jjc. jLJI jLjjSI jjj J j^UI j^jj ."^jaJI tA\,«V 

.[10] Ly JiJ Aj-o jl a£^C j^A IgJfljJa jjj Sa'U^I Ajj] j 
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2_LajVl Aikloll A^jlia L-iijia.1 t[l 1] 50.5 JLiB (J jjfall tgja^JI JlutLjj (i) 

50 jlull cA£ |j] DNA —SI aL^>. ^ SjauJI SjjSII J Sr.lU-;,,,^ 

ijlijlj <LLaJI ' . 1 aJjll J' — • A3 Ajl (jjj^ jjjjaij IaIj^.1 ^^jll l_ijL^j]I ' "''{:,' (' . ') 

J iftliiy.VI ujS J ^IjS J4J cJaUl! Jj as- JjUJI J\ <_j jfl DNA —II 



13.5 



.(t-51.5 JSJill) I^js jL<JI jliill j jUu c£ t^lc aIijI^jI AjjI jail uu^l 

.LlCjij jjjj] jA-a j-o (jjia jtLa ^jit jLiill (JaxJjojJ ojlj jA jL£ll ^ - >^" <1 (s- 1 ) 

.(t_J-51.5 JLill) l^jk. 4Jajl$JI AjjI j <-o jlla JS ^fl jUll jliill 

l_i!&ia.YI J AjLaLill ^jl (jJJj (s- 1 ) (J^-^ (I) L)J^( L - J ) 





70 






60 




t 


50 






40 






30 






20 






10 








) 



0.02 



0.04 



0.10 



0.06 0.08 

a&x* Ai^j ijA^JI .DNA — II ajj] jilt j jliill jjj a&UII :50.5 Jl<ill 

Douglas E, "Electrical conductivity in oriented DNA." National 
Nanofabrication Users Network, The Research Experience for 
Undergraduates Program: Research Accomplishments 2000. 



0.12 
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ajjIjs is'j^a tPi^> j c> ts^ L 7 J_ 52.5j 1-52.5 jjK.nll ,J jljjWI lSj^ 14.5 

. Lj-jlc. A lajl 3 SI AjjI jill j <La jlLa (JS jLajl jLsjll ' ; . jLjj jia j 

^jic. ^jUII li* -^-"sj .(J^-^l ^iilji] Uka. _$i Ajjljill ajJ^j SjIj ^j^- 1 15.5 

?53.5 JiSD ^ R 2 j R^JIA 
j oLa jlial! f>j3 tt_i-54.5j 1-54.5 jjKniti jjmjufl jjjjWI 16.5 

i?! = 5kft, i? 2 = 100 k£2, # 3 = 200 k^, tf 4 = 150k£2, R 5 = 250kQ 
V! =100V 

.1-54.5 JiSS jLull ^ <_^l (!) 

J£ jl tj^Jlal .l-i-54.5 jLill ^a ^211 oJA\ v 2 Ail! jail £jia t_aL^(t_i) 
JUJI .Ljja 1mA (> JS1 jj>a J^jj V liyau 4-» 

I a L_L>ljLa ^ SyiTlS gj-oJJjH <jj^i ^ -V 2 AjjI jjll jaII 4j ^ jamall 

(jj-SJI ^boollj t_il jLl (jjxS ECG L_Jal! *L,j$£ U,U^-, jLja. ial 17.5 

(jjxS <_£jLuijj 4— 0.15mV ^U^' UJ^> LSj^. • f i nyW ts-kuijll LS^J*^ 

Jlka L« . +0.93mV oj^ lSj^jj <+0.55mV lsj^ j^ 1 

? S 11 1 tilJj ^ISII ^UJJI c_i| jj 
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9V 



3ft 



5ft 



(a) 



M ^3 ft J5ft ^SJji ^'j^. :51.5 JSAII 

.13.5 aJL-13jLu 



12 11 



2ft. 



;3ft 12 V 



AW 

4ft 



lft >6il 



-^A\ 

9ft 

.14.5 <Lul\ I3jj :52.5 JiJkfl 




.15.5 *1—B sjj :53.5 JiAB 



eUaa_a]l ClULiJI ^^Jc 1^1 <ucl 111 j 1 (jjjoiULall ^"'/'^ j3 (j* II (JjAjLJI AjjIjS i -luia.1 18.5 
.II (jjULall Ajj] j3 ^Loaluix i ■ llall S-Lij^ a ^jjjI .6.5 J J ^ B ^ji 

(j! L-la-i .55.5 JLill ^ AAuJI sjU AAilxi ^ Ajj^LJI 4iaJJl JjLJ 
ejWU lllL^aj <JjUaJI J (_p3jjal .(j-ajllj <-« jllall j 4-Sjl jjll j <UV-iJ "Lhlx^JI 

olillx,) sjij (jjUm" ^USL.) (I) sJJ aJU ^ ^Vl t> 20.5 

.56.5 (JSJill jjjlLLall 
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i ■ L2kJ . 1 afl-jS q A_}K]I 4 ja uJI j t (jiii&a]! ^2 (jiij j aj| ( <^ 2 J (Z 1 ) ^ ' 

.v j C 2 j C; aW^ jj£ J 

Aic. (jx 4 mflj jl^Lall C AjSl^o C" 2 J Cj Alalia (j^oJ 

• C 2 j C[<WjJ C AjsUJI AiSLalj Alii** £jiU .V Aia-o Ajj]j3 

'i h h 




.16.5 aJUJI ^jh LkkL* :54.5 JiAH 




:55.5 Jiill 

.19.5 aJUJ 



9V- 



i b -r 



j 



2(j-F 



^ Jj :56.5 JiiJI 

.20.5 aJ'UJI 

:57.5 JiAB 



_^5,F - T T T 'I I 



4(jlF 



.21.5 a]Uj 
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4juJ> J-aaj^l t57.5 JLill <^a (') t-iljW c> <-K <^ 21.5 



>Lij^£ UU-^ « ^ III j I jjjJjU tl£ii ji :6.5 Jj-iaJ 



(mV) III 2Lu! >ll 


(mV) I Ail! >ll 


(s) 


(mV) III <ni >lt 


(mV) I <iil jill 


(s) o-J 


-0 1 5640 


0 12222 


0.36 


-0 06866 


0 009 1 S 

vi .\jvj y i „' 


0.01 


-0 1 561 0 


0.12619 


0.37 


-0 06989 


0.01464 


0.02 


-0 15808 


0.14129 


0.38 


-0 06882 


0 00900 


0.03 


-0 1 5640 

\J , l yVJ^VI 


0.15594 


0.39 


-0 05890 

VI - VI y <y y vi 


0 01968 

vj.vj l yvjvj 


0.04 


-0.16541 


0.17135 


0.40 


-0 07126 

\j ■ \j / ± t->VI 


0.02914 


0.05 


-0.16617 


0.18493 


0.41 


-0 07568 

vj • VI I y\JVJ 


0.04943 


0.06 


-0 16815 

VI . ±VJvj L y 


0.21148 


0.42 


-0.05997 


0 05645 

vj .vjy vi^y 


0.07 


-0 17365 

VJ . ± I y vjy 


0.23178 


0.43 


-0 05905 

Vi -Vi y y\j y 


0.07415 


0.08 


-0 16678 


0 25390 

\j > y y y \j 


0.44 


-0 03662 


0 06851 


0.09 


-0.17624 


0.28457 


0.45 


-0 071 56 

vj > \j / i. y \J 


0 06134 


0.10 


-0 17365 

VJ . ± 1 y\jy 


0.31921 


0.46 


-0 08484 


0.04791 


0.11 


-0.15762 


0 35430 


0.47 


-0 07782 

VI • VI I 1 Oi. 


0 04821 


0.12 


-0.14923 


0 39062 

vi • y y\j\jj-. 


0.48 


-0.07431 


0.03814 


0.13 


-0.13672 


0.41793 


0.49 


-0 07004 

VJ .VJ 1 \J\J^ 


0 01068 

\J.\J i. VJVJVJ 


0.14 


-0.12512 


0 44006 


0.50 


-0 06836 

vj ■ \j \j \j y \j 


0 00915 

vi • viyjy i y 


0.15 


-0 09750 

VI .VI y 1 y VI 


0 42480 


0.51 


-0 06470 

V./ . V./ V.' i / V./ 


0 00900 


0.16 


-0 06790 

vj.vivj i y vi 


0 36834 


0.52 


-0 05905 

vj -vj y yvj y 


0 00091 

\j . \j vi vj y x 


0.17 


-0 04883 

VJ > \J~vj KJy 


0 28503 


0.53 


-0 06058 

vi > \j \j vi y vi 


0.00061 


0.18 


-0 03 1 89 

vi -vjy l vj y 


0.18493 


0.54 


-0 05890 


-0 00061 

V./ . V./ V /V./ V.' 1 


0.19 


-0 03464 

VI .VI y~VI^ 


0.10940 


0.55 


-0 05829 

vj.vjy ox./ 


-0 00427 


0.20 


-0 03937 

v./ .\./y y y / 


0 05630 


0.56 


-0 01968 


-0.04044 


0.21 


-0 04105 


0 0282? 


0.57 


-0 13580 


0 26550 

\J .z-\Jy y \i 


0.22 


-0.04944 


0.01861 


0.58 


0.36712 


0.57754 


0.23 


-0.04227 


0.00915 


0.59 


0.98327 


0.66955 


0.24 


-0.04990 


0.01037 


0.60 


0.71655 


-0.10773 


0.25 


-0.05615 


0.01876 


0.61 


-0.20477 


-0.17227 


0.26 


-0.05859 


0.02121 


0.62 


-0.12802 


-0.19013 


0.27 


-0.06027 


0.02639 


0.63 


-0.10864 


-0.03616 


0.28 


-0.05890 


0.02777 


0.64 


-0.12726 


0.05874 


0.29 


-0.06866 


0.02868 


0.65 


-0.13702 


0.06271 


0.30 


-0.06943 


0.02822 


0.66 


-0.13458 


0.06805 


0.31 


-0.06866 


0.02883 


0.67 


-0.13672 


0.07965 


0.32 


-0.06882 


0.02853 


0.68 


-0.14069 


0.08773 


0.33 


-0.05859 


0.02868 


0.69 


-0.14618 


0.09857 


0.34 


-0.06119 


0.02563 


0.70 


-0.15686 


0.11627 


0.35 


-0.05295 


0.05432 


1.02 


0.06165 


0.01861 


0.71 


-0.04807 


0.07095 


1.03 


0.05890 


0.01892 


0.72 


-0.01801 


0.06607 


1.04 


0.05890 


0.01892 


0.73 


-0.05524 


0.04806 


1.05 


0.05096 


0.01236 


0.74 
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-0 06958 


0.03921 


1.06 


0 05920 


0 01785 


0.75 


-0 06287 


0 03677 


1.07 


0 04883 


0.01419 


0.76 


-0.04929 


0 02838 


1.08 


0 04288 


0 00793 


0.77 


-0 04883 


-0 00793 

v./ . V/ v./ / y ^ ' 


1.09 


0 04730 


0.01022 


0.78 


-0 05890 


0 00061 


1.10 


0.04929 


0 00762 


0.79 


-0 04669 


-0 00458 


1.11 


0.04913 


0 009 1 5 

\J •\J\J y X 


0.80 


-0 04868 


-0.01114 


1.12 


-0.04913 


0 00366 

\j ■ \j \j ~y \j \j 


0.81 


-0 04288 


-0.01984 


1.13 


-0 05630 


0.00137 


0.82 


-0 04028 


-0 01465 


1.14 


-0.05249 


0 00351 

\J •\J\J .y ~y X 


0.83 


-0 04593 


-0 02029 

v./ . v/ ^- v./ _ y 


1.15 


-0 04883 


-0 00031 


0.84 


0 00808 


-0.05325 


1.16 


-0 05096 


0 00640 

\J ■ V./ V./' ' T V./ 


0.85 


-0.10498 


0.21759 


1.17 


-0.05142 


-0 00122 


0.86 


0.31143 


0 56915 


1.18 


-0 04868 


-0 00076 

V./ . V./V.' V/ / V.J 


0.87 


0 95703 


0.70739 


1.19 


-0.04929 


-0 0003 1 

v./ . v./ v./ V/ ~ ' i 


0.88 


0.81192 


-0.08911 


1.20 


-0.05417 


0 0067 1 


0.89 


-0.10407 


-0.18814 


1.21 


-0 05280 


0 00534 


0.90 


-0.11398 


-0 20508 


1.22 


-0 05936 


0 00320 


0.91 


-0 091 86 


-0.07141 


1.23 


-0 05051 


0 00885 


0.92 


-0 09857 


0 03707 


1.24 


-0 05890 


0 00305 


0.93 


-0.10223 


0.04287 


1.25 


-0 05768 


0 00305 


0.94 


-0.10742 


0 04898 


1.26 


-0 05325 


0 00061 

\J .\J\J\J\J X 


0.95 


-0.10834 


0.06835 


1.27 


-0.05905 


-0.00015 


0.96 


-0.11780 


0.07537 


1.28 


-0.04868 


-0.00122 


0.97 


-0.11612 


0.07888 


1.29 


-0.05493 


-0.00351 


0.98 


-0.12589 


0.09246 


1.30 


-0.03983 


0.00793 


0.99 


-0.12680 


0.09765 


1.31 


-0.06012 


0.01953 


1.00 


-0.12253 


0. 11413 


1.32 


-0.05371 


0.03387 


1.01 



9 V ■= 




9 V — 




M 

.22.5 aJUJI ^Jj :58.5 JiAB 
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:58.5 JLS1I ^ (jjVnj^l 

1 g ia ui pLjSI 2 aVs <J1 AiaJi jljLo jA La it — 0 AiaJll ^3 AjjI Lull ClLaj Ijj (I) 

IxJj A£k*a _jj 4 a£i£ all (j^ji s-Lul A-ajlLall jJt jLall jLull jljLs jA La 

?Aij£JI Jaui s.Lul 1(J,A <-« jlLall jLu ^r.i.t-ij Ji* (til) 

(jc . L^jaJi jjasjL. 59.5 Jiill ^ (^j (I) j\j tjj^ 23.5 

A a'X A\ A \i ,* jl^Lo La .'ijUl (jx AjjLLull jkij iLaLaJ 4 iu£ all ^j^ **' I ajja ^IJ 
t_J ■ aa AjjUaill (jl (j^ajjal jll Ixjti Aij-a _jj l^jujij fLul 

.f =0aW1I 

? AAi-a Aii^all S-Lul <La jlLall jLoll jLjjll jl^La jA La 

?l|jA 4-ojlLJI ^ jLall jLull o^i JJj-oj Ji* cAi&all *Lui (cj) 



5il 
J W\r 



9V 



I 




:59.5 JiJkfl 



.23.5 =UUJ 



(JLojj tJjLJI ( _ s jA^ll frLiiJI LjjS JlaJ Aja-jL a AA&aJ "LiliJI eLic. A^Aaj (j^-aJ 24.5 
Ajjj^JI Autir-VI CIiIxjjj (jl Luj^jaj CijjI .13 j . (jilajij-all l$a.jla.j AjlaJI (JaJj (jiULuill 
CIdIj AiS&ttll ' "JJ""' (J «»"u nl . t-\ umlII (j-o ^Jj-all jiaiiiuJl jljli j jSLj 1 o^lc (_£jLuij 
(j-a (j-o lcm 2 ^ 4j jji-all AjJajlill Cjlj jjVl Cli j^i J^C j AjaJill Jyiajl ^bljU 

j-ajJa AaJ^)ll (jj-aS 1$J2 <_SjLaU A-aC.Li AljaC. AjLk (I) 

.-60mV^ 

. — 90 ITlV A-ii=«-ll (j<u<i A^.1 jll (jj-a£ AjS jLuij jjjS L-L ' bl 

.+35lTlV "(jinlall" dj^a II (jj-aS Aj3 ^ jLoiJ JJJ^ L-b .aC ' *,'^('"') 
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25.5 

I JA -jIjJJj • — 90 ITlV (_5jLuy s-LiiJI <Li.lj (jjvaS fjj^^nW ^iai« <j£ 4-aJj 

(J£ JA^a ^ jU. Jl Na + 4jX , Na + /K + <i_J=w jj (jjxill 

Ajjjiij K /Na + 11 jjj-" <— >l jjii j .2-iliJI Ji.lj Jl (jli-u^j K + ( _ r ijjl 

JjL. L» .AjkJ! oJ ^ Na + j K + — II JjSIjj Jt 7.5 Jj^l 0) 

.AjUVI Jit ?<,u™ll J pluuJI j jjxS CiLj jjVI Jy^jj ^.1*-] 
y-j " I ^j^ajj 4 9j£ a 1 4 iIa 1 1 ^LjiC. A a LaJ (ji-j t 24.5 ^LiAll j£j Ul ilaj(i_j) 

(J^joJI (jLixjjoil .lAjJC. ^oj (_gjll jLjjll Aliajl (j^_)^ <_s^) ^ luulLl ■> 3jS all Aj^lx-a 
.AjJjC j t_lLkikuVI (Jl jj <iLul ' .'■ a»jl (iLic. (ja lcill JJC. jliill L-lLmaJ 31.5 
s.ljj| tLiill (j-o lcm^ __>Jt _>aj ( _ s j1I ^Ji^-^J^J PJj \j' ^11 cIllLj^oj) (j!i*-o jA La 
(jlj 1.6x10 19 C iS jLjjj ijJ^JJ^ A >* (jl j^jj ?4jJ|jC.j l- ll laSluiVI (Jljj 

. 1 jxF/ cm 2 S-slc- c£ jLij jj^JI 5-UiiJI 
RC Sjb Je 2L«jU3I analog aJjUHI cjt5a>3l <^ji>JI <J-*j\J <Jja 26.5 

(j^jui <C.jjoij (j^jll (_H^J '60.5 (J*^ ujll ,j <iiiall ojl.jll j .(j^jll (_)^Ljal (J-aalluii 

L 

.UaJI jjUj Jib OUjjV! jjS! jj :7.5 JjJaJI 





(mEq/L ) JjS jsll 




26.5 aJLuJ! S Jj KU« :60.5 Ji*iH 








142 14 


Na + 




4 140 


K + 



UjIj _jj 2 all 2 ja jl jLo Ala. . ? = 0 ^ laaJJI ^3 Sjl^lLj AjjUaJI CjL-aj (I) 

.(j^joJI frljjl (j^_>^ 

?(j^jll LxjIj <L-a jj A as<. A\ (ja-ij f.Lul ia jlLa J£ ^ jLa]| jliill jl^La jA La 

lilij Lj-Laj jail oljjl ' 'I"- 1 - ^ JjLull j*il aJI ajLLuII ditiajxll <-<U."...l 27.5 
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£JjSj jliill (jSJj t_aiijjj LaJuc Aj\ ^A a jlill j Lilaj AjSj^JI ■» LjSlI J 4la»2uiAll 

2_i jaJLa Aijlall ~y -* La.ljc AjjLkJI ^xjj c60.5 i nil J <iuxll sjl^ll J (I) 
LtjLj A'lt^jl 1 g » j jjj s-Lul 4 3jS ait Ajajjj jl^La jA La . LaLaJ 
lajtj Aij^a _jj 4 SjS all s-Lul "LajlLall __>JC jLall jLiill jljlLa jA La(l_l) 

1 a i'"*- (jlkiiJI (Jj-a^jj . LiiAa (jjlj (jl (j^-aJ I Jj^ 3 ^ L)l JajJal jlllajll (jlSiaJl i*J 28.5 

sjjj^aa 0.1a (fi jii jLjj (jjjJaiL (jll .4jjl jS^I Ajilkll . »ll (j^aLijl (j-al JJ 

.AjjIj J-al Jill Jl ClX^axJI Sjslcjj I ■ llflll jlasa. <lljj jLaJ 
4 'il aaA. j i . iVall ^^jjj (ja J^H O^HJ^ " ' "T - <J L)^ (-iij" 0 (j^S (^) 

. Lille. ' " 'I 3j£ a Jc * j-'fi ^"'^ t ^ j"'^ J 'J "f_0^ ^ J 4^> J - U 4j^lLt-a jj3 jj! 

(Jl Ajuj ^Ijj C(jiiljLaia (jji^S a Jc ^ jill lift (j-a Jill dll jj^Ajll jlaj 
s^l _jll J Ljjji. (j^-oJ jll (_£ _»J-ak]l AiUall (_£jLuiij cjljlijjfLla 200 La^ia 
jll So'X„ll Jc. l^%kj (jlaj jll 2 ^Ui-.Sfl Aiiljill ^ La .^j=>. 75 Ifria 

(jV (>3JJ-aJI Jj A &UI J 4jjji_all <aUaJl (jl ^jij (jLaJI (> (jjl) V 
Jj ."^'^1 |jj .((_jUa3^l Jj ojUl J Cllc.1 u>i ^aj) <JHa i."l..nl 4-ajJaiall 
JjJjaII jA La c<ialji Jj oA«j L_llil1 J 4-a.lj-a Clll Jaa3 til j3 750 
?(l) s. o jj^j Aj t '«l.-iTi (jl t ■ Ljjlll (_5jau-aVI 

(j^aj t^jjjxjll IjlA Jc s-Luj .(Jjlc La^iu (Jj-ail (jjlSLi (j^i AjjLjj^SII <££-a]l ^jltjj 29.5 
(JiLaJj iijJaLill AjliJI ^ jLij (Ji.lj (jJjLoJI Ljj3 t3-aj 4ij^aj AjlaJI c-Lic. 
OljjS 5_aj (jV 2U ; ,„^ AiSLall (j-a lAiixj AiSI AjkJt fLic. jll .<ljUll Aiikll ^LSiiJI 
s-LiiJ Li.ij-aj 61.5 iJ'n uJI laJ -IjLjJ oJllj-a Ia^jjC. ^Sjj dllla uJI (Jat^J CjLijjI 

Clll ^JJC- AiajlLall CjLi jJ^I Lj-1 (_pa_>*JJ Jll 5-a jtLJI J S .till J CllLa jliall (Jlaj 
(jC. j»^Llll s-Lixll ^^jjL^ Jj-a£ (jjj (_3^)ill (cAjjUajll) Ajjljill ^jLla (JlaJ j .ClsljjjVI 
^ j A. c<jliJ| ^.LjiiJ ^j_aAill 11a Jc *Lij .CjLijjVI (j-a (Jl jri^J ^J - ^ 

J UjLljjVl CjI jjS dlLa jlLa j (jjxlll (3^)2 j 4t mil AJV^J »1 in it II JJC i m jlilll AIjIx^i 

.«.Liill (JiL^. Jc JUI (jj-<HI cJJ^ j 
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Sjjc. J] AjjISII <Lia»JI LpLk SjIcV ■ . ilSll 1 ■ '-^j^" 1 s? '*^'' 1 t_i3all ^j'-;'' -k'- ja jj 30.5 

AJiJI Jib JjUI 




^iaio Ajli. eLic. :62.5 j£*ill 




SjUll £jU. JjLJI 



^a CjU jjS/I i— il ^1*2 Sjb :61.5 Jluill 

.4 iUII sLic. 



L%Ja ■ a Ajxjilall i ■ llflll j'^'' L£-L^- (J* 6, (jj^J V I lillAa. dllj jx£ 

(J£ mi ^^Ac. ^Li.J l&^JUC.|j 4j«j^a dlL ajj ij£ in ( _ s Jc IjLu ^jSj L_llkll j^-" -U'm ^j] (j^ajjal 

AjLiJI f.Uic. (jLojj .(jLiill <jH?-LLall jLujVLi Vj 1 -* j - liliV 

• 62.5 (J*^ i all (jJf« jA Lai liij Uc._)ij ^jjjlji^-ij^ ^ 3j£ * j 4_a jliaJ 

^11 <p»I| <xja J] — 90mV(>i sU3iiil jj-S ^ij s-^jS 

c^CllAiJI (jj-aS I-^JJ ^ Ji^ J 1 °M lljUjjl Cjl_aja ^■'la* AjjxII iillj (jjjs) — 55 111 V (_£ jLoij 
'Lajl 3300 gl iwl Am jlia <_£ jLaj . 35mV Ujl^ia 4jj1j3 (JJilaj ^1 jrtrij lilj 
5 (J^Li Ajjljill S^Lsj (J j' aa Jjjj duS Ijli il jl 3 j jSLl * 1.5 Ajxjj jLuij j 

?ajj_>-a ' ■ IjJ _jll jLiill o-lui (_jA La 4<jjljj3xo 

aIixjjoj (jj^. V 5 ) 4jj1 _jill la«J l (jlkiiJI (Jj^* <_S^ ^ s (V'" ^Aajj 31.5 

:t =0^J1I 

v i (O = 4000e" (5500 1/s) ' V 

^ jj^j SjUl jj| j i^jl 100 (_gjLaii (jLuij^l p_^?- 4-ajLia <jl (j^aljjaL) 

^ ill (>jii 

^(jiiJj-all 
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4 t in ^ SjLa jj^aJ^all ^nv> (jii-S tPET ^jjjJ-U j_jJI pLtjiVL ^-SjJall jjjj-ajll ,j 32.5 

' aJo^j jjjjj^jjll pLuiVL u'.'^**^ J-'J' '**''' ^ (-L^HJ ■ ts^Jjfy p^LuoiVL ■ j KaTi 

LijlilJ £_a ^jouJI (jjJJJJ_jJ' 11 **■',' ^ alja (jjALajl ''''"»;'" ^^lill Laic. 4juil 

.L. 

^jifkll jjja-ojII 15 O J ^jjliijaII eLallj 1 5~jjj^ ■ n^Vl <_U*luLj La Ullt (I) 

(JLaaliuil (j^aJ 4 (JllLall (Jj,' L " ^jit (jja ■ a^Vl l—L^lilLul <Loilj.ll t^JJ''-! plxjuiyij 
4ijx-a (j-a j i n'l Jua^J JjA^il ^jji-U j_oJI pLr_iaiYL ^^ifiall JJ_oj-all]l 

2.03 (_£ jLjij (^ill I L^ajll j^C jj c 1 5 — (jjauoi^Vl liKalj *Lulflll <La.ljaJ 

: ( ^\ (JcliGil liaj chilli 

«o _> + + °p + _ ( |p + v e -> ; 5 n + y +v e 

IjlA s-liil ^Jai^ia <jal ■ all 3 la uill jl jSj . a * ^jr-iila JjJij jA 1 5 — (j^jjiiill 

« 

u^lii'uM <jJj.il ll-(jjjj£]Li ^jjjjxll carfentanil JjjUjajlSlI J-mjjJ (<_j) 

i 'a.^ill jxc. ji til - jjJJ^ll liKall .jlulj^lj oJjiJI <Li-aj ^ji (j^ lit nil 

J&liSll llaj caIiSji 20.4 jLuij 
?C -» ^B + ^P + _°P +v e — > "B + y +v c 

I^A ^ ^Jai^ia AjflL-alt 4 ia ujll (jl l—lijl jSj ■ u a ^jtjJa jJaj jA 11 — (jjj_a^' 

(jjjL-a-all ( _ s JL^3j-a]l (_J.ll jilaxll ,j (»J^ jLjolul Jl 89 — j»j£j jJJajiII (jl CllJjl 33.5 

50.5 <_J jLjij (_jill 1 L^alll j«c. ji c89 — ^jJ-UjJJjJI u ia«J .jUajjJI p^l_j-l (_ya3L±l 
^«a"i jja. j .4\jL___JI JjlaLLall - la» il ,j J"'*','J ^-^JJJ (J-^J^)" 4 ^ 'LajJ 

liu Jus 

SSr ^ + _^ + v 

(j^oj ^> ia ulII jiJ^c. *J'"7- jAj ' ^ ■ ■ jA V j (jjJJ-^j J* _iP '" 

La L- iL a&Vl dlLLp (j » ; ^J^ljJ (jl Ljajl I » i£ aJ j 'j»ljjS/l (_>^xj JJ^iJJ Clllj jjj^CU 

?Jc.liiJI liA *Lul f£l j2 ^1 ^Qa^JI JjL> 
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A^Jlx-aj 4j3jJI s^xJI a sj k-j '^jJS « j '131 — ^jJI (J «»"u aj 34.5 

. IgjUa^-oi j Aj3jJi]I S-liJI KS in'i -iajS Lj-La j ( 1 gjl l\ jS-». al 
j' ajc jj* la Jlj i Laic. <suil j Sjj i ok JpUa) tS^J 131 — AjJI liKij (^^JJ (I) 

. 131 1 SI liKij (JftliS L_u£l ? jfiinrtfl j. aj»Jl lie jA l-a . jSluia 

^ *«■»■ ■ *M jIlLa La 4^Sj 8 ' (_5jLuij 131 — -ijjiS ' *■ — 'SI j-aC jl (_pal jjsL) 

LajJ 15 JiLk Slu Cll a j i A JSJa ts J& J jJI (j-a Lai JC. 25 LaJaij ,^11 3j]LuJ| 

:^lxJL jrlai <ji t&al l Jcliil jLaj y^W. frbil 

[A]=[A] 0 e if 

(j-a ^LajA^I ^jj-a_aA jl^LaJI jA [A] J 4 (j-a jll ji J j 4 J3x-a]l CijSj jA <*tj^ 

.A O^Lall <j-a ^jIJluVI JlLaJI jA [A] q j 4A S-iUI 

L-Umj Aj5j^I SJiJI ,J Cjlj jlill 1 ini^S Lllc. 123 - ^ jjJI J«*iaiJ 4 4 _iia]| jjj. ajSl ,J 35.5 
— JljJI Jalidll «ljjl AjxjlaJI dl_ai]jjj]l jjjj-ojSI jl$A. ' 'a,*<j . jj_ax]l lilli Jl 4jl.lijl 

ijjjmi 123 

?Jcl£l1 liA *L£l ^1 Jn J\\ A^\\ JUa La (I) 

1 . ... , 

? 1 23 — -^jJI (j« *l J*A'" 2 (_>aJJ-a]l ^j-lacl 11 Ajxjlall till jjjjjill J^C jA l-a((_l) 

.}*Jj . jj-ajlll (_JJ^J jj^l (_Sj^ <*»j tllbjla. J-ax^i J J«xj llul 36.5 
qa (j j ajlll (_£ jla. Jxa^ J jj^JI L5 LW^- tHajJa j3 ui 4jaLVI 

Clllj jjl JJ^JJ 1 Lui£j (_paxLa SI (jjl-laJI ' * ■ - jl Ajjj^JI 2 ,,. II (JjijjJ 
jIjaII ' 'a,*<* jlaJI ,jjlla]l i - iN jijj . ,. ^ (jl j < a al a SI jIAaSI ojLoil ^Afil (jj=>. jjJj^JI 
(_5 (Jj-a^ pH 4 :'^\ j^a. (.Lilc (Jj.H'11 3 ial uUJ <I£Ji-aII ^^L-aj CjjjS j ^'j. '— xl\ 
(C jLjjJj .2.85 4j^oi-ail aAjL-iSI (jj ajlll (_^^ol^ A-iJa^a-a^ (J-alc (_^jL-jj . j^ajlSI 

Ujllfc 50 Je. Jxa jJI 43.4 AjjIaSI aJjLJI (jjAjlSI lSJ^- Ajl^ja^. J-alc 

. (C jail (j'-» SI lil _«Llu iilLaij Aj_jlaJI <SjLuiSI jj ajlSI j_J_al^ jl (j^ajjal . JjLjJI j-a 
La .«.LaJI JjK (j'-"^ (jxi 0.25 M Jl-a«iuAj <-^a j"^SI J-alc Jj^stJJ V jl (I) 
?UoiJI C X^V AuaL^I 4Jc ^iSI pLall j_al£ 
4<c!>Lul jj^ V Ajlj Lu-oi Sill. *La]| jjK (j^aaJ jl ^Ji ^(4_j) 
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t imn ^jJ! (lL (jxaliia) ascorbic acid ^jji^Vl (^a-aaJI (> 1.0M— ? 
U .(JaSa .ia.1 j liKij J j- ^- aJL^I si* ,J (j^ajial) 4.17 p^f fl 2 

?UaaJI ~ j-* ■ aol 4jaL_iaJ ' ■ laj (^ill ^jj'SmVI ^j'— aa SI jl^La 
(jJa^aJl JJ^JJ (j^ li) ' ; Ijjoia all - a a II ^jJt l^^iaJ (_J jA ^" 

fZOM^jji-Vl 

(jllmVI CjUjjjjj al » (j^a j^ia. (j^i Ljii_a-a (j_J^J (jl <_5A 4 \ »fij^\ L_ llxll! j»L$-a (_£-^a) 37.5 
( _ ? lC'l (jli 1 1 ■ ll » ill oJj^C. ' " jflj * 4-aJ (jl £-«J .Ljjai_auiJ lj^-^ - ; i ""' <_jjll 
.A^iajAaJ (Jalc. ^ JjxLa jj£I ■<! ( H 2 C0 3 ) (jjJJ^ll (_pa-aa. JJ^JJ jA <J3 

(j^aj lillj £_a j 4 1.3 mM -lie- LujSj IjjIj ^gi (jjjj£]l jjAS. jj^JJ tj^JJ (I) 

JAiJI (j^i l_Axl]l (jjajj (J^x-a £-a JJ«JJ (j' ( HCO3 ) dlLi jJjfLull (_J jiuial 
CJls jjjfLujl JJ^JJ (jj^J ' ^°*' '"^ (JSJljII dV^x-a lie j .AjjIxIII 
OV'^x-all AiCj i 30 ITlM (_£ jLjj All., jlall ClV^*-aJI .lie. j c 2 ITlM LjjLa-a 

AjJaj-aa. (_Lalc (jl (j^aljjsL) .6.1 » ' "a II 
(jSJjll CjV^«-o (j-a (J^ 4 ■ >i jat (.Laic. L-lmaJ cdlj jjjfLufl Jj (j^ajj£ll 

.[12] 6.3 ^'J.' 1 *" t_jl*ill Uj^. Jali ^jLolj .AS^ill 
(jjuljjx AjASxJI Cjlj^all jaill ^ji l^ja.j UjpSjll ^ J^l _>£l (^) 

(jJll o^aa. t^-iaxj j jU! liSaij ^1 Streptococcus mutans 

jaj iia (jJll (j^aaa (j-o 10 8 ITlOl LjJ&J! sjlA Claajl lili -(p^ fl =3.86) 

pH U UJ^ * CS^' "-"^ ^» lM-C- '^J diaS ^^tijl 

^gic ^jUaj liLaS (jl (j^ajjal ?oJja.j^i AjSj^JI CAj jjj^jjII al lil c^LjAl 

La .<la 0.5mL iila3 ^ Ls h iAs^kli] Axjj cJlSjjJI JJ ■ fl& (j* !iLli3 Cl] jLu (dj) 
Llla.Aaj lilj < *1 • all cjUUI (j-a 1 ITlL ^jit liLaS ^ jia.1 lil liLLxJ <*ia j-aa J-aLc. 

(j^ajial .(p^ a =3.13) oj^' u^- 4 ^ t> l.OmM— j JlajjJI j^-ac 

?J=>Sa lAal j J j. 
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4jjai AIa ( _ s ic Jjjy La ((jjjjjoiVL) <— Sj JxJI ' C^H^C^ '"^V'"'..'^ LiiLilmVl j'--^ (J «t"u ill 38.5 
Cjljj.lj5lc.tiLU j ^IjjJ <— slsj] <_Jc- (jj_>iuiVI J«*J »fUU Vl«i I i£ ' " " jj 

Ljl^a-a tjJI jixj .JVLi (J^Lol^VI iJJli ^ulx«j£ i j-« j < prostaglandins 

^ill 2 jatjj m A <jjaj| jjc ^jj| 4jJa jas. Jalc (jJaikjl I jl acidosis J" 1 aklLi 

djjjii 6.8 is jL-y lS^ ts^' ^ l^- J«l*^ '^>> cjuJaikjl Ijjj .7.4 ^jLau 

Jalc j'"'^ *'J j^ja. <] jljj 1 ."^J LW^Jf" 1 ^' jl^Lo La . ClljxJ (jl uilj (j^aJ 

.t&Ljaljial jSil tSlJj jjj La J] ^11 4_Ja j^a. 

Jjla_a <j jjUtjJajj jjjjjLaio (jjjJaS (j^i £jLill pH ■* i ia^aa II J«lc (jJjLa ' aluj 39.5 

calomel J±ajll£ll (jjjlsall .iaJ *i* La LJI& j 2 , ^ \l JJx. Jj$a a 

Sj'il Jil j^]| jjc. . a V' ^^l 4jj| ;jg^l J a II JJjtj QA La juaj ( _ s -ak-aJI 

LJlc ^jj aJ (_£j\]l 4^)i.VI L_liak]l jjj .4"u^i j.nt Jalc (jJ-iS lJ all 

4JuJaj^a. Jalc Jjla-a ^Jc <_Sji=«J Ajaia.j 4 Lj > .aJ Jib iAg/AgCl A LjlaJ (j-a 
i ■ iU'a\l iJlimj^j 4JoLca (jjlaJ J .s-Lall Jjl^ ;_)'•"* «a (jj^J La Ullc ck_ijj«_a 

4 i^i Jalc £-a ^^.la.jll ' ■ ' laflll eLjuC j-a£ JjjS AjjlLaJ ^^.la.jll 

t_ikall Jkb J jla all jl LjaJiLa AjjVI <lluiVl <jt i_±ai ^jjlaJi (_£J?J J all 

.1.0MHC1 ja ^Ujll 

I j'^La) Aill jill AjJa ja^J Jalx] AJolx^ ^1 jaJjuiV dluiljj 2JjL*-a Jajtluil (I) 
!l (jjLjLa ojlji. tlul£ bl ^La.jll f.\jjiC. tf ;'l 7- ^jit (Jflla^ll (dll jjjlLall j 

.(25 °C ) Ai>ll sj j*. a^jJ ^ pH 

P H -Jl OH J* .37°Cj O^SjjaJ ^ (1) »JaJ jjS(u) 

?s J jaJI Aj^jJ AxjLj 2Luljil| j 

c^j H 3 P0 4 cjLijVI ^aj^a. £jL2JI ^jJI a^sj^. J^lc. 

AjUljill qa A i '— Jalc. L-iuia.1 jl .(jililii-a jjjijjjaj c 0.5 M jj^jall 

. H 3 P0 4 — j qAjJW pK a —II (> a «j .pH —SI oAjL° aj]=*j l?JI 

. — 7 1 lTlV A i iaj aaJI Jalc (jjiLjLa ^L^jll dLuic ^gjjl (jjj 4jj]jj]| ^jLuy 

J^^ ^ jsa) 25 2.12 c5jl^ H 3 P0 4 _SIj o-UJ pi^-il U 

Clll jjl c^il jll .lii. eJ jAa_a Ajjla Cllljl S al ^Li Jill ^ oJlUc ^ Jaxj lIliI (cll^ 
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tA-aaa^l i_jIj£VI (J jj ' jj" ^ iiLjjl_ja. ( _ S A till "L^tLaSI S.lii.jSI aja uioll 
A^l^jii (Jl air'u aU L_S jlax^JI pH SI al J« a CjjjIc CluSj pH SI 4 <u3 (ja 

aajUSI Ail] jillj pH SI jjj a£1xJI (jl cjjja j ttdj^l pH IS jxAa 

^Jl (j-a jLlJ o-^Lutii Laic (jij^ ojxC (J^J J^!j .(^-ajli Clll j La (I) J 

(Ji»_aj (Jjiill JJ <A,LaJU ^JJtJjjj <j| LjaJ (JjSjj a laj AjjL% J JSj-lui 

(JjJ (jl t_a_)XJj .AjI^SI J oL_aa. (j-a jL«j 4jL 4 iLuS j ^jt^uJaSI (ja Jc-I 
L_ljSl (jj^J La Lllc. (Aj1£1I aLvaa. (j-a ^ ^a^J _»J J (J-aj ^jjill ^ t>-ijji\\ 

<j*jjla]| J JjSI j-a2L (J-alc (jl LjaJ l_ij«J j .[12] jljx^SI (j^i (_5jSsll JJ ^LliS 

(jjj —510 mV<_5jLuij (jj-a£ (Jj3 i— Ijlaa-a l l (jjAjLaSI )-hm j -8j 4.6 jJJ 
?(J^JI J eL-aa. -Laj (jjSj (jl !>Lt3 £3 jjj (Ja a jSI cLixil 

JjVl (-JjJjjVl -JjJj .(_>aLakSI 4^1 J AJXJfiaS! ^maj ^Uj 2jll jLuKJI i«j 40.5 
j>JI jLij (j-a Lja.Ja (_£)la. (j-a (jja.j j-llgJI Cjbjjl Jjclia «. jJlS NH 3 Ljj j-a^l La£j3 
1 ; Lj _j-aVl (j* V_o-a ^ c7.2 (_£jLuy ^1 4jJaj^a. J-alc (jl (jJal jjsL . NH^ (jJjSlj 
^ a (jjljjSI Cjjlj ?7.4Aj^LxJI 4iaj3 JJ 4lAtJj (Oil A^a^aa. <_Lslc UjLiSjJ 

.5.6x10" 10 M^jL^ NHt-jo-UJ 
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^ jfl ialiaJ! - 6 



jiljajj yiljiVl 1.6 

jll j ^i-i-OI jAAi.jll ialiajl dillulaJ s-ljj I— MJ ^jaILJI ^jS* • 

.Am jJaiall ^glc (_£ jail (JJilaJ j ^^Loll (Jiill L-a ^ai. (Jail Ailji-all Jjjl jia]| JjA^J • 

^jJaiJI jxa^jll -SalaaJiY jl AjLialij L-lUaJJ ^1 CjVUJI jJJ JJJ-°jSI • 

.(^jl jllj 

. (JjI_ojoi]I CLlUj j's > a j ^g-mla II - . aa j| (statics) llllu * . WYi .Jaj Ja. j s-Lijl • 

Ajjjx^JI -Uiti J j ( _ J iaiJI (jjxijll Sal °^ ''V A^uiLo dll Uj.ni* • 

- J ■ aS L^j3 J- aaj ^gjll -U'iti ts Jc. jljjj^l (J«la-a j <L£j^JI AiUall ^jAlia (j^au • 
^3Jj L^j3 J i ^.^ j ajSLuLttll -Uiti ^Ic. jSI j j^iaaJI (jxaabjll Sal to i) aIAxm ^3,'.'^***' • 

."iSjaJl (jjlill (jJj^j (j-i^J S JjBlLoJI ^JajSI ^ (_£ jl jllj ^ U-nII (jAA^jll ialiajl -SaJJ • 

^aJlL aJl Jjajj]! (_£_)i_<i j ^Vi <i ^^>>i j jl a a ^ (Jjl juJI (j3Jjl (jji^ljjjj .lift Aliaj • 

' . 'jU, V.^11 Jjajjll j 

jl (_^3JiLa JJC. (JxC lg_i3 (Jjuaau ojijjoLa ^aiaj <jSjjl£xaJl AiUall Ajjlj^i <Ujlx^i (JJJJaJ • 

I ^ iK 4 jfll ^"i^ 1 i " il f- l i > ^> 

JjI _jjJI -U'i (JjlaJj] aJjIx^II (JLaxlml j _jj^>J <U.iIsla lg-}3 (j. '" -Uitt jjiaj • 

AjJlsdl **lj.ifl vj^jj ^j^I ^ 1-1-6 

AjjjaJI 4 ■ a iij II Jaa. ^ £joJ j jl U'i jll j tf Ul tlW- 4 ^ Jaliajl CllV^lx-o (J <it"i > 

Ul "il dlV^lx-a 4<i£Lu: <1jLu: ^ ^jU'i ^ j| ^jjjL^ . , ^ J^J^ L?J^ ci*^*^' U^J 

Ajliall Ajjlj^i Atalxxj " °^ ^ Ajjll»-<i tj «nr"l i n"l j e a AiuiLuiYI L?j'3^^J ^ ^"^ SI [jj- 831 
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C(jLaijyi ^'"^ «-l_J&llj j»All (J-" (JjI_jj^i tjSJj j a ■ aS jxlaj (JjLuia (J^J LJlc 4jfLjjl£.Lall 

JaiJI jLaijll Jaliajl "UjLt-al j^^ijj 4jcl li alt i—njUV J >JT T~ *M 4_alajl J (Jjl jjJI j 
A j i all Cjli (_£ji.YI ^1 j-allj L£/LiJI ju ' " ll a ^ ■ aJ j a ■ aJj ^xlaj A^Xajl I ■ aJ (J^t'iiM jl LSj^3^J 
J a " (Jc (_£ J^j^J ^ aa II jiaijll Jaliajl <Ujl«_a J - ajll lift J Jjjiaiui AjjjaJl i_ljl _j^JLj 

.Ajljiall '"'^.'T^ _jll (JjLuiaj 4liaVl ja j 
CS^ (-Sj'3^J u^**^^ CjULulaJ (Jc f. y all ^Aig-alSI ^JaiLall lift J ialuiiuij 

La J oJljl jll oAS*-all Oli. j jkll jl ."LoLtll OL^JjaII l_Jj£ JJ J-aLi. j»Lal4il £-a 4£j^JI ( aJt 

* ' # 

.(_£jl jll j JaaJI jja-> jll ^ °^ ^ cllV^Loal 1 Yi,*Sl 1 , ^- j^ " (JiaJ JL 
jj.lj.jaj jj'"^'g all jjijAjj . llaLuia] J 4£jaJI ja SjJJ^ J) ^ J > jll 4 ajjjjVl (S^jf* 

j^J . jLouVI - ■ U^J ^jSj (jjll iM* <ill 4jSjjl£xall Cjl£jall ^jLaj £j^3_jl - 1 "-^ II <l£ja. ^l_jjl 
aJaa a (jl I jlijj .Ajjlxll <L>I j-ill i_! j^J - ■ II 4£ja. "Lull jj Jc s-Lalxll AcLoij jjjLajll 

Aj^jjl^Lall Ajjj^JI <jJja!I jli i jjaU (J 4^.1 jaII l_! j£j cLul <«iUI (jjallj Ol£jaJI 

J laatll jjjIj 2ja,< <jJjJ j| Jo,„ll . , \l i_aljkl Cll£j^. J j^JJJ -LaljAll UjS jl 

(jitij jl j^l Ajsj£3I j 4A^.I jaII <_i jSj cLul (jLJI 4£ja. J 4_LjjVl j jti jVl j oX^axll j 

I - j*'^ aa j (jii.lj.JI s-ljl (jluiajl dll jj^AJ -j a ■ ao3 (jjjjja II (jlui ^ all ^jJ^J t»L a&Vl iillj Ujj 
l^jaJlai a j jJI L_! j^J (jc- 4 a-^lill dljjVlj t jJ »^!-^ J^ 3 J^'J^*"^ J 
jjSj cojjSla a j;. 1 ^ '"'^ AjJajC j AjiJjjaall Aj^.U1I qa aSkt a 4j£j1I jl Jl I jiij j 

3iaj|jll AauouVl sjj£lall iill Clljjj (^JJj jl jLaJ il .ClL>ljJI j UpLiL-al 

' * j J ' '""^ (JSjuS ^jic. (Jsjj i_jUDU AjiJI (_5 jjSj ^ jj^" ts^] (^-^jmI j j'jjVI) 

.(JjLjLjjll AjcIjj ' . i*M i >>■ » II J^jjl ' . d J 'AiJajll jtijl 4-lUjjl) j c(<j£j]| <j jjU^aJ 4i_iaj]| 
. ji^l jJI jiJ I i iaJl AjljLS jjjj^ll j Sail j <jj jll dlu jl jl ^ _jl*-a jA La j 
^Ut-J (.Ijj (jj'o^"i\ 1 ^ j£| jj A^ljjJI ja jj^all -I lajll (Jllaioil jjjjja II jj... ^11 (JjLaj 
jjjj cjliall (JjUjlu .^IjJI ^I_»jl j Ai.1 jJI <jjAjA jJJ all AaMjiII JDLi j^ 

njjix (Jj^ Jjj^l JjLjJI -Ui»l U^jlij Ula.1 i liljjJ j a ■ jaiL A^.ljJI jl i Lia all 

.<Li.lj.ill (_g j"uiia jc I Amu jLjiII A£ ji.j ( I j if- l.ljtjj A^ljJI bL%jL <j£j!I L-lLa mj|j < Jjjlall 
(J jail AjI jj (Jc <Ljaatll SjAla J liA JJJJJ <Ljaatll AlUaluil jl^La AnLall ^lijjl JJjij JJXJJ 
JJjiaJJ AjiVl tjJ ja j,""i\s all ijjx-all j Cj\iLij£VI si* A9j .4L>Ija!I ^SaI iLaj!HI 

.^iiiLall L_JJjAill ^Ijjil j (J ■ ail ^iLaj 
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^ JJ LSj^' ^V'^.!^ LSj^l JjI^jII i—lLaJJj 

dlljiiull (JyJai Sjii<l ^Ic. ^jj-aj jjjiajlj .(1.6 J£j£1I) Aa.lj.illj ^Ijill (jJJ (Jelsjll 

j-aj . ^frjljl uia (Jg i in CllL-aljjal IJlc. jjjjja 11 jju all aj 4 jja.1 Jill ** 1 ^ .""^ 

e j5 (Jail l*-4 (_Ux!i aL-oLoj-o 4 j i ill LoLuia.1 L^jUjcLj ^jSII j ( _ s iiuJI (jjLJI j Aa..iaj Igjllal 

L_aj Aa.lj.ill Axul ji ^JajLii (Jc. iaijJall £jjj jl£ j .(2.6 JLill) A£jaJI Ajll JJji ^Iji 
I ftjjj aj LllaC. jl (j^oJ V AsUallj Aa.1 jill iJJjj J 4 i hat loll (_£ j£ll jV AjoiI ji ^ ji^i ja 

.(3.6 Jiill) £>jjill Aahna 

<J \J£& A^ja. CjULu jl^Jij j £-aa. ja j j^aill LJla. SjSjIa Ajjjjjjla. ClLia-ajj <-oj 

I jllajj Ijiiaj jl 2 ^ Va" ^ A-ijj i a! CllLiajjIja. (JLaaliuAj jiuiij^-all j^ajj .gjajaaJl jajll 
tAliJaaJl J jJa J-J*-j JaLaJI j cAj£jll j liljjll £^jl jll ^^jj^l 1 g '^C- J'"' a Aj£ja. dlUajj ja 
(Jal^ll ^jjxll ialajl j t c.liaJI ja ^la. ..II Aa. jll ( _ s Jc laj ■ all £^JjJ j 'S jill JJ*J llAjja La j 

J^jjllj A^ jllj 

L_s j^J jlal jjjoiaj ja jjlaoJI Ac- jLaiiall Oljlijll j A£jaJI Cj j ,j <"'!*! u££Vl ilu^ ial 
' T"" 1 f ? a ' ^ cJ^I (j- 0 * ' 11 A£ja. Aa laj jjjjja II jj^-llj-all 4*_fl^&Ajjj . A^.lj.ill 

jl JJC. . jLaVI (J-aljxj (_DLa.YI jji **„'J* • al AjiVl (Ja-aj jjaJjill tlil jijuiajl CjLiiSjj 
^jl| i "iN/1 ^11 jaj - ■ "7 11 A^ja. JaLajl AjjIjJ ^3 ' liLj Ij^S ^jj^^ljj jj^JJ iLj all 

•CS^J ^ A^.ljJI i_J j^^)J A "' al a 11 j L^J ^jj aJ^ J 
lajb A^aLijll ^1 jj! J^a. ^ jjm^l nail jjjjJaLijll ^jJtuy id) jjg -\11l JJJ^SJ • 
Ajjj jjaJI ^jjJall '"'''^ '11 ^jJj .A^l^lj s-I^VI QluiaJjj Ac^)jJI oJlLj^l (Jjl^A 3 
jjjoi ALj al l ^ . i i n ^ Juaal 

Clll jj^aj] a jalma a ■ aJ ojlcV ojjjjjj A_ajj .^l^j^JI ^J^ll tj ajlsj ^l^jJa (j_j^lj^]lj 
'"'1 jjU'll 1c. «.Lli ti_aiJI j A^.lj^ll Cll'Vijj Ajii.^/1 1 g j a j 4*ljlVI (jjjotaj 

.sAji^ x iLaj j_j^la tJ^- J S^J^?JI ^1 _}-a]l 
Jl (^^JJ (jl - 1 "7- II (j-a S-j^. JS A_kiljlj ejjUaj] (_Jxl£ll -g°H (j^-aJ : LjG jVI ^ a fl « - • 

.Ajitiajl f 1 ■ a&Vl Jl liLail jl ^ a 11 » a (j-a j. aa j oAjii. jl^al 
Ajl VI lAjiVl (jc- ^.lill jJVI i_sikj jl (jLaj AaJU-all jl ^cja ■ ^ :AjjVl f jJ • 
CjLluIjJi]I ^^.jJj . I.\iall i Lua ja AjjVI (J j. ■ ■ UaJ AjilS ^IjjSI jjjjja II (jj-"^'» aJI 
Jj . djljiS? 1 j^. ja (Jiaj aL^j l_1 j^J ' "'1 j Cjl jj^-aj ^Lal i aJJ Aj^jjlSAall AjjjaJl 
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.[2] (XL* j«jull g-lfij) yji ^mii^l JiSllj (311. jLJI J >) 
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J <jlL& jll I'll^-s.'tt oiA 4aJl» aj ^btll f I a j| ^J«7> ,j dlL-aL VI oJ^xla (Jj2 ^jii 
<£_)aJ aSLt a\\ LaUiill ' ■ "1 ^ Jjj ' "'^ A\ j£l^a j CjUt-ala II j **r.1 i, ^.11 j A > jll < . Ua Jjal j^i 
jAaa. jll 4jjl_a^i dlV-ila-a jjJjJaJI j^jjoi-lj^-all a ^aJiuiJ tojjjaj-all 4_ij_ajjjLaJI dllj^VI j jLuijYI 
J t _pa j i a - i aa II ASja, JaLojl j^i 4ilja all L_ljl_jaJI <a..laj Jc. -** i nal (_£ jl jllj ^ "a II 
^g^aaJI (jJ-sijll Jaliajl jjJ pluaiU (_£sU. j> Ajjl jA ClV^lx-a dl.6 J 5.6 J 1.6 <H«Vl 
iaj j jA 4£jaJ ^Ic. j! jSij .4a.lj.ill (_!j£jj Jiuill i_jljJaVl 4£ja. AjJjJ J (_£ jl jll j 
CJ^" J ^ B j,' lal to j| dlV-ila-a (J^JaJ lgj3 (j^-aJ jll AjLIaaII dlVla all ^j-a j/'^ 

.Igj 1\. ~\\ (_5ji.Vl Cjtf la-all j AjJJ^JI 4-La.%!l 

ijijiaiall J JJjJ (jl (j^-oJ jll LSj' j^J C5^"^' LW-^j^ J'^^l I- 1 * J 

ClLjaljaaV j^aJj •<_£ J^J u^*^^ (jj^-^ jll <a.Xaj jja. l$l 4 alalttll ClV-llx-all 4jI& A-lflj^ j 
"* ^-^aJ (jl tojiluia <Ula ,J jl 2_ijj£jj <L« jJaiall j_$£ (_jLa iAjjx^i 
JSj JJjtj <ijjla I ■ jajl J - aill liA J * aSluAuij .<£ jl jllj J 0 ^-!! ^m-n jll L-lLmaJ jll 
Jl jjjjajiui tl JJa.1 2 L£jl jll J ig "a II jja'N jll J 4_ia.jlaJI (_£ jill j 4 aj ■ aa II oJlLall 

JaaJI (jJxa. jll Jaliail ^ J J^JJ <ljl*-o j Aj^jjl^j-all AjUall ^£1 jj <UjL«-« JLaxloil Aji£ 

.(JjI^uJI (j3Jj ilili ( ih'ill (JaJ (_^jl jllj 

4_luiLuiV1 ^JtlLa 2.6 

A^U. jA (p[LMt"']) (JaaJI ^ijll j .Ljjljj laa-j liljaia ^ J£ lilllaJ 

jll ^ijllj .4jj£ll L-iuil llj LaJ jlala jl -j i aa 4£^)aJ AjJ^atll 4^uill jc. _)J*J Ajxjoijj 
iaa-1 (_jill ^ajjiaJI J J£ J A^ijialall Ai£ L-iuil jjJ <Jatla jj Aji-aLa jA (Zj [L?Mt ']) 
' flj-a jl j' jll j^j^' (J^^'u/ij .La AJakj Jja. Aajl jjJI <l£^)aJI 4-^la j cAjjljjJl A£^)a. Jj 

.o jjxaaII j j'sliiII Jjll (JjlaJ ^jc. ^L-aa.Vl Jc. Aiila-all jajjaJI 
^ill ( ^ laa II ^ijll olajlj .^IxjVI ^JJ^J AjcIxjI jjjliaj cSjl jllj ^ M jj"^ j^ ^W*^ 
i , U.^ ^ p jjV/ IjA - 1 "7- II ■kc^yji olajl (JjLaJ iA^c^yjn • ■ II L_l^jJa (Ji-ala (_5jLuij 

- ■ jl ~/ L "7- 1 (_5jl jll j»a.jllj . ^ <i1lii!I ' act i ja-aJI <1j£1I jl (jJa. c<C^uJI ^IxjoiI ^ aim 

j»a.jll Cjli - lajll ' " 'I J ' «al jJJ •(_ s -^ i aJI 4-aa.jj */■ aa II ^Utjuil ^^Ixjuill t-J^jj^all (Jj-aLa. jA 

^ji^ifi _^£l Jjlaj Jc Jja*ll tj^^J tijl'^ll IjlA ^LojaI jUaj ^J^- '»- ; ^«- <1 l5 J^J^ 

Glover C, Lunsford KM, and Fleming ^ ja.1 aj^^a J ^ jl jll ^ jll 
.(JA, Conservation Principles and the Structure of Engineering, 1994. 
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c?j? 1-2.6 

i jp£l ji jjAuiaJ J^LjIo jjjfc qa Lajlj I iVn (_j jSII jl ts Je. iLllljll £P Jjj ^JjjlS 

. ji.YI ■* i "7- 11 Sjjj^JI Sjiil cL^aL^jIj clfrlLWaJ [S jtuj a > <j ojj^all Sjill (j! j 

9 _$all (jj^ til 4 ajjaxll 9 jail 9Lajl - 1 "-^ SI lilli ^jLuil] I S_j3 (jjliaJ (JJ^J 

^jll (jt V) t^LajAVI ^Jj-ia^a 4 -jk* alt <_y2 JJJJ (1)1 tSJ^l o^aj j .LjcLsuuj IjIjLo 

Lj-uiSbtj a j3 4_4jIo1aI1 Sjjj^II » jill <L^)j^> ^ji .Jajj AJV ' V uj^l <_jiLall 
Stall ^>iic.l .(4.6 J^jill) ^Jjla £y> jaai Staj tSlli r'-"^! U^yj ^ -jfc'-ti £j«a (J>«*J 

SJja ill ^ lil^pJLall JJC. L_ljlall ^jic. <j£Luj cA_jl Aill cStall i aaj 1 la-la a L_ljlaJI j t<Lo 
Lo^jc. j .<C._>iJI ja^xla La^JS jV iLllaa. Lai.j K-JjUJI V j iStall lilliaJ V c2_iasill 0 iA ^ 
4joi£Lx^i j Jl La-all ^fl AjjLii-a 9 j3 i_Jjlall (_J.lJja i(_ljlall 4jl$j IaLiJ3 gASi 4(_ljlall qa Stall jaaj 

Stall ^1 tka Lai. j <_jjlall 9 jS i .Stall jaa qc di^aJ ^1 ^iall S jil oL=LjVI ^ 

^ j£l (Wall) MJ^t fi-jB 

(j-o "Uaaj jl^Lall Stall Sj5 t LfJaj j c(4-* jiVial l) 

V JjSII ^ (A^ 1 ^jll <jla 111 .Stall lilja^j stl <icL> c^^U^ll 9UjVI 

.(jjill ^3 h3 Via 4il ^1 tjjill c ^jaj -JjJJ V JaaJI (^-3 Ji*^ 




jiii Stla :4.6 Jiuill 

: j 1i rtn\\ .(_ IjlS (j« 9JJa ill 

Bedford A and Fowler W, 
Engineering Mechanics: 
Statics and Dynamics. 
Upper Saddle River, NJ: 
Prentice Hall, 2002. 
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"Lajliiall £ya |1a ^^JaiJI j*^^ tjfc^lj ' L'^*^ La^j '^""V <-^j-v"i* a ■ (J£ iVjt .ojSILj 

jj£j 1 IfrLa 4j]I jl jl "Lajlaia ( _ S JJ ^ iaa 4iL-iaj (j^-aJ '^H" ■> M o^LaJI 

jl JjLj ' "«.^" Cj^jU-aJI <ji ^jiJIj Jj-la. (jl jSij .^ojJaloll ^ <lcU all <_£ jS 

( _ s j1I aJiJia SI ojLall (JLlijl j* (JS (J-^iJ J 4-° jJaiall (jjj Ajxjj jjll <j^alaj (Jlaijl 

•^J-^ <^ 'W?J W 1 " cr^- j <i*=J 4-a_akLa]| AJtlill (_5 jail j ^jkiall Jj^a. 

toil A£ii*2 ^! <>iJi ^jii Jaj 2.2.6 

j W* -0 44-ajlaia Aj.la. <1jS ^JJ^- J • La^ j L^ljalla ~ ■ ua (j£ lilllaJ 

(j£ JJ*Jj .oL^jlj (Jllia Clslj 4 jja " V <c.jj^ij "Lajlaiall Jji^ aJj£1I JJ*Jj I ■ iaJI 

J jAa. Aic. V I g"""- J' ".' ZW Al&ll L_sjjJa J i al a < 4-ajIiiall Jj.la. JJXJ <_£-^ll u^^-H 

lA-ajlaiall 

/? =mv* (1-2.6) 
^jiiJ ^jll (j^Jj • lb m .ft/s j ig.cm/s j tkg.m/s^ p-jll 4*jLill ol^jllj 

.<C.jjjJI 4jjljiall 4ilxi_all ^Laia.Vl (j-a JJJ^ 4 U , ,.l jj l^la ^J=S j J^*'"^ (J^-^ (j^ 

^.IjjJ ^faaJ pijfl 1.6 JUaII 

.Ar-LoJI JLi-al 10 4£.jjoill (jjSj I alia <La.lj.lllj ^Ijlll (j-a <jj^all <La jjalail 
jaj tSljaJJ jrljlll jl (>ajjaj . 1—2.6 <JjU-a3! JlaxiaAj fj ^U^W f^-j^l t.u.i'.j :<Ja^t 



p =mv" = (70kg + 9kg) 10z r — 

I hr 



lhr 

3600 s j 



lm 

0.0006214mi 



= 353/ 



rkg.m 



(j! jSij .AjjIjII ^ Jla j»l JC. 350/ J^j jJI j ^Ij^li ^ir^ll ^ijll iSj^i 
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j^JI o j^J-o j-i Aj1j£ iAjjIjII Ail J^l I j Jajjooll jlalilall - ■ aa II (j aaj La j 



AC- juJL liljaJJ V -^3 "La jlaiall CllljjSLa (jl c^jl . *i (jjSJfLj CS^" * Jfi ' y J^"'-'J 

Jc (jj^o (JS ^jic l - 2.6 ALU-all j;;^"'; p <_j^' u ^ H j»ajll (-jluia. (j£«J Ajli tig uij 
' ■ 'J' u^*^^ S- 1 ^-"^ ^ ■ ' "*' liljl V) .Lsjljal AjjjLaa all j»a.j}l 

~ j Q ^ 1 ^jLill (J g Li ^dl l Wn j j ] (J ^ . n l IjAj i 4 l'i*s 1 1 jSja AC-Jj^aJ 4 . jUi.ll A_ll^ll 4 \'\*s H 

(^ill ^jill liA j> JaaJI jA j t( -,h*n^l (^ILfill JiiaJI .aJIaLII <_$ jS3l Aiill 

AjjjS j^J-a - ■ aa SI (jjj JJJJ cl_AjSUI IjA Aj -"'gj 

IjJajj .JjaJjj jl Sh<M Aj liSjaJJ ^ill Jlt^JI Jiaj ^g-aLu jljla jA m Ajj£3I (JSJJ j!ix^i j] 
j*a.j}l cJ-^*-" (ji^ J^*'"^ J J-^a. JJC- LlLa. Laa.j (_LiaJ (jl L£-aJ AiaHoJI aJj£1I (jl ^jJI 
Jix*a i_Jjj_ia (Jj^alaJ JlLsj (jl (j^-aj A-aAuiaJI ojLall (JlsjjLl A_a jlaiall J jJa. JJ*J (_gill p ^ laa II 

: ( _ sr jti La (jja j v* Ac. jjoilL m aJjUI 
p =mv* (2-2.6) 

'(kg.m/s 2 j N) (jJjjjil yjA AjuUJI Ajl.la.jj c[LMt" 2 ] jA <JaaJI f^-jll J-i*-« 
JaaJI j»a.j]l Aj| ^s \c. AcjJ Ja. Jl jlajJI (jLsJj . lb f Ajffill SjJjUl j (g.Cm/s 2 ) AjjjJI j 
.([Lt '] jA AjjIII oja. jj tf U 11 p.j]| j 2x. jjJI (j* JS j*J (jl JiaV) aJjSjI e^a-j A^llaJ ^iB 

^jfl ^ ^Ui! ^jil Jaj 3.2.6 

^2 Ajaja-ail Aj^jliJI (_J jail jj jj 1 alia Jj»"n (jl A-ajiala (j-aj^a Jaajl 

^jJa jj La LJlc. j . JaiJI ^ J>ll (Jjla_a ^xj] (_^La^i jA j I [LMt 2 ] jA F . A^i jJalajl 

(jljj3 A-aii j .A-a jiiiall Ailii-a]l i_5j^l AAAjoijj ^J^aJ Jc 'o^c-LuiaI] _)aJI - 1 aa H CjLjjaj-a 

AjAuia 11 (_fjill j tAjjjLajll jl Aja LluiII (_Jjs]l ^jill (j^i (jtiuLUj 

j j^a. lie. A-ajkiJI J (surface or contact forces) a^IaLSI J\ AjaJa*JI ^ jSJI Jijjj 

cA a^alaLall ^j^a. (Jc- (3ila-a]| L>* > tall j ; i_il ■ (jj^Luia. ^j-jLoj (^j^]I o^A ^j-°J . A^a jK'i^ll 
^jll 5 jill jA AjL-all ^Lua.S/1 jjj AjjoiLalll (_J jSII AJLal ^a.!j .AjSl£ja.VI (J Jill (je j»a.Lill ^j£ll j 
i ■ ix£l\ jj j gjjjj (jjj iajljll jA ja.1 (Jlia j . ^A-a jjalaj JJ^ia. (Jxiaj (_£j]l (jjlxill JjIS J laJ 



554 



Sj3 £-a (J-al*jll < ^< 4<La jJaxall jj-a 4 alia a s-l j^l ^ J^~" " CS^" ^ * • '— jjfiaJ (j^ 



i^=-||PrcdA (3-2.6) 



Jc ^ alal ill S.l^j]| ^LtJu ji (1 j c<La jlalall Jc laja all <iblaj U» , —II jA P (jl Cll 

^ill A^Loi-a ^^A A J '** ajiiLall ^jli AJaLajlj i^LajAVI £jJa_ox A-ojlilall ^Jajoi 

^AzjoI] )ak ■ all j o -1^.^11 j-UtjJj oL^jl (j j . .i tv—itiSJ! lj)A ^L<ua1 jLU j-" Saa i iall 4_ilc iaJ 

La] Ua j 3 _ 2.6 ALU-all 4-)l& ojlc.1 jijXaJI qa lilj '(j-^a J-<JI jlxJJJ V J) (jiijlj Jc. 

F p =-Pn[[jA (4-2.6) 

l ■ (Jjj-aiillj (j^a JJ*-a -jj °" jA j jJl jail ^- L i Jl (J-al£j 4ijx^i (Ji. i— ll Ljj 

JA (_Lal£i Wmllm lillj qa V^J . t__llj^il I ^A J Xaii^a (jjj j tdjljjxlall JAxJ-o (_Ul£jll 
i ■ ltj£ll I1& J AiLLJI "UjUlaII (Jat'iu'i lilj .4alo ■ *— W i K ; ^xui^. jl ^jadia ^ 1— >'q uia 

: JVI Ji^L- Lab 

F p =-PnA (5-2.6) 

1 » L.'a ^ La hllc. g L ■ Jl liA j I iai ■ '—II <jlc. ; iaJ ^ill ^Jamill A -si ma A (jl 

IfljLulaj i . i^j jll 4 ua\ iliVI "UjIxaSI ^A 3 — 2.6 aJ^IxaII (jl (jl ail (j-aj .LuUjajC. 

.<Lal*JI AJLiJI J <La jJaia J J laj i a (_£ jii 4-aJ (jjSj I aip 

I aip j . F j jsLajA^I J) <^.L^ V t5-a jialall »l^' (J^ilS Jt CjjIj kj ■ a (j J Lj LajjA. j 

tl^T^ » j3 JS (Jjlia o j3 <-aJ (jjSj iLaJaila IcjjJ ( _LaL5, Jc. Itjjxi ki ■ iajl (jj^J 

^ F p —i fUiAVI Jl J VI .(jL^ULa La^-lAUjI j (jLljLAa oAjSlI Jtka jV 

ja jLua Auu (jjSj 1 -'j^ ji t4iHa « ^jiJIj Jijll ^IjLu JajLua L^a3 (jjSj LIiVIa 

f I JfSI CjUl jku.i 2.6 Jliall 

(j^i j/'^ J Jalaj J ^ laa a jl (_j j3 All jjl jlill LllUIJajoil JnT J |in"i I^JLuM 

(j ia » « ( _ s i (J <it"i i n'lj . Aj£jjl£j-all Clll ji^^jll 
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(Jj-a^j i—SjjJa J o ij laJj till jLua.YI iillj (j-o J '(« jaill J jxaJI J 4 alia all (_g jill JjclLa 

liLjaJ CjLajiiLo (j^uJa a ■ a jit Cjljl Juoil ' J^H^f tJ- aC ' ^J-^J 'J- ' 

I i djS * iaat i iall lillj (jc 4_a^.L a jS ji-ij c-L> jit i iadll 4j| Jajaij I jja. Jib s-l J.1«J £-aj .4jjlc 

.Xat (_£^JJ JJj^j jj-- aJ ■* i aJ a 

l&jl J ' 200psig Ja. !-iir > (jl ^j^aj Ai.lj 1* jJai ^Ijj *lj& "UIJxuil (jl (j^ajaal 

?IaJj]jj A il jU, iiNfl ^jialuu e jill (^jJa La _a^JI iaat i iall 4 U» , U ^ jLjjj jaja a (Jaj ia (J-axj 

Lul Jl I Jaj :JaJ 

aaj cS-^l (jjiJ^aJI ( _^A A-a Jalall j IfrjS 4lc.Ull <jjl jIaII jjC- jill (jjjj 1 Jc <La JaLall 
JiJ Jo , ^ij ^il) <j| jU.nVl Jib J Ja jjjJaJI f.1 _ojJI j 4 Jc-Vl J <_£ _J?J1 iaijJall Jl 
4a.U. V blj tp^all J*l£ Jja. XLala LLLJa <jl jlia. (^AJJJ .(5.6 J^ill) jnftall 

.(lx-a ^liS r oUj^I J <lc-Ull eg jSSI jl (^!) 4j ^LajA^I Jl 

(j-a^jfiil (J^ ' tail (_£jLjiJj . .}a.lj (J-^j fiJaS £-Lj O^Jfil (J"^"^ LaJ (j^aJ 

1.0 atm ^jUJI 4a. jB Jo jJkJI U ■ all ^jl-yj . 214.7 psiaj 200psig JiU 

J ikVLij .<a.j j£ t> (jiiJ^all 4^a Jala ^ »^JI £l*JS J^J -14.7 psia jl 

JLlJI (j-ajall <a.j Jc- S^a. jll loLsudj l_ SJ*J tALaxiai-all CjIjjI Aa.^ I Am JaLal (jLluiaJI 



• "top = 1 — * o~J$ J^j n 



bottom 



= -1. 



al l 



1 atm 



2 




1 inch 



4j| jU,.,l 

Ja jijJa^i s.ljA <jl jl-ii nl :5.6 (Ji*lll 
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^fl AJtlill AjKII S jSII JLka jjAsj] <_jjL> JS (jlc. (_5 jail AjjIjsYI oLL^VI 

^ ^plunger ""^bottom ~~ iop — — ^bottom R bottom ^ ~~ ixjp^top ^ — "^bottom ( — 1) ^ — ^top(l)^ 



(■^bottom ixjp ) ^ 



214.7^-14.7—^ 7i(0.500in) 2 =157 lb f 
v in in J 



2_ikL^j Jil .(jJcVI top — jj tJiuiVl bottom — jj <(_>ujUI plunger — j a^s 

Jl (_)jij£-a]l £3jj Ajlij 9 Jill 157 ^"'^ (Jj-oJ 9j2 jijJ jl (Jjij£a]I Jc (JjjIxaII S \\ jU, ,,^1 U» , 1- 



body ) Al aui aJI s jj&II jA ^JaaJ ^jll <ji f^J (jl (ji-J mjaII <_sji]l j* jiVI £ jill 

S jSJI j aJI£3I 9 jail Lpllal (j-aj . m ajKII <^ ,J jjjj s jS ,_a j c(force 

^3 ^jl .'Ju^^ (JSaJI 1 , "La jjalall J JJjJ (^ill (j?J^I 4jaiiiLLa t_J.>r> A9j ^LuOJajj a JJfi*^ 
(_J jail ^^^3 LlLta Lajkj (j a ■ jaJJ ^11 (JjUj*,! ^3 Ic. jjia Aaajji^JI (_J jail jj£I Lai .5 J - .aill 

: Mi,. ; 2Lo jlkiJI ^ <lclill 

F g =mg (6-2.6) 

Iflijaj ^1 OLul.ls.YI 4-a jJila Je. <lliill dlij 0 UjI Axsjxjj .<1U£1I ClAj jA g jl liua. 

:ij.ia.lj SjaJ IftjI^La jA La a1& ^ j^jj Sj5 JLW^ mjjLuuj .aJLuiaII 



F = mg =(l\bJ 



32.2 



ftV llb f -s 2 



s 2 ; 



=1 lb f 



(7-2.6) 



32.2 lb. ft 

m V 

Ja.1 (jl jl ! ^UaJ^JI J Jajll 9 jill Cjlii. j (JjjiJ (jj^. g c (Jjj^jjl (J^lc (JLaxioil (jjijj V 

1 (J jLoij Aj3j£ 9_>ii] 1 Ujl^la <1cU1I Ajlliill 9 CjLiLjri. (_j jj jl jA AjxjLUI e,Uaa.VI 

(jl .LaLaJ ^gJaLa ^LULoiVI IjA (jl ^jVa* SjjJ 1 mJ jLaii AjJj£ 9jiil 1 jl gjHuij Ajlij SjjJ 

9^ jll j .aJ£ SjjJ 1 mjjL^ ^jVl J\2A\ ^ Sj* 1 U JjL. aJSS ( J2) s jS 

S.^^juill 1'llljl AliSUI j 'ijill J .9j3 9J^ J 'UjVa'i 9 JjJ" SJ^ _jll J (^A "AjJjS> 9 Jill" 

. A ' aflj 

^gJaaJl ^a. jll till jjij ^ A\a jialaJI J jia. (j-aj-<a Ajj£ j > ^1 IC jjj <lc.lill mJ jill mJ V 
J jA^ (j-ajJa j- al iaJI lillj ^j-aa I jj . lLiILMI jj jjj (j_jjlij lill j jC. jjajj . I ^"'J 4-a jJiLail 

1 ■ iaj Lpli "Lajiaiall (j-ajJa (_^uS>lx-a (Jx3 Jj LjilJ La ^ 4itU SjS Mji (jlS t5-a jialall 
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uLfowJh J y^jA JiJ AJjUa 3.6 Jlitll 

La llljLa. jjj <J3jll jl (_£ jaill J _aA3«JI J Ajjl (j-o jL<J ^ill q uJI ^.^ij 1 :*ULuL4 

lall (j^aJj ^ajjllj-a-ajl Jl 1 j$ lall ^ ^j-ajojJ La jl tl—lL-a jiuia ^ ^jl Jc 

(jja. j lall j Aji^jli "SjjVl (j" 0 djj^a. jj-aj A-mL aa II *I_^-VI -J 1 "- ^ (_>uljl A_alc.Jj 

o^jiiixa (_jjil^)ll <Lalclj lall ^_jl (J-^JJ- 4 ^ J-^J^ iLujiVI 4ij£. Jl (_^aJj-aJI (J_jj^aj 

i * <M C. Cllj 4£jil« <1 jUa Jc 
j l «al SC. LjJSjj .A^j] I g a j SjLuji - ^ i aS dljLi. J Aj3^)]I J oJyJui AjiL LjLa i JlL ai (I) 
J] Ia jlii c(C JSjill IgJ Ajii) (_>"lj A-alci £-a J^-la £ jl Jc ^ jia'uxill L-iUjajVI 
Ajajja. AjLax] (JJjill UJ! itt n-ilajuiVI AijC. Jl Aj jUall ^ j .ASjaioll Aj jUall 
I— Luta.1 .(6.6 J^jill) Ajjliall Jc LjfjLa. Jl Ad] jl CjlibuJ Ajlc j j;-^ i a£l Ail jU.,,1 jj 
AjjUall Jc jll ^LuiVlj LjjLa jil AjjUall JaJ J jll 3L1S1I Sjffl 

J£ AiS j£j-a Jajj AjjUaSI Jc s^j^jaII «LuSVl Jj£ Jc 1.6 Jj-^l 

.<U jliall Ajlgj (jc. Uj-Lo 




.4 jml n« lib jIju'VI .A£jaJLo (jiaj_^ -UjLL :6.6 J^' nil 
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.Is AJ j\M Js. JAS f. U&l jil^j JiS :1.6 JjJaJI 



(Cmj (4jjlfal) 4jI£jj (-jUjI^Y' 


(lb m ) AJ3S1I 


A -tl 

4) m mi) 


10 


3 




30 




AijUall JaJ 


90 


15 




100 


120 




110 


10 




180 


3 




190 




aJjUJI J 


210 


15 





45 mL/min Jax-ij JjLJI oljiaa ^j^j .AJjiyi J jhi cW^. <jl«-» 

(JjLJI (j-o (Jiiis (_gill ^ iaaJl ^jll Ja*-<s I -ImaJ . 0.5ft/s lSjUaj Ajiai. At^uijj 

.A-ajiiiall ^1 (_£.!] j_j]l 

:JaJ 

a£ j^jJI illjUJI Ja.J 1^2 J ^1 SjSlI jUJ JjUj \*\ J\ \ J* (I) 

^-A ij jail lilt jU <aJ jUall ^JajLji £x (JjiLoj (^ic <J?.jVl (jl I jiai j .y oUjYI 

c^JjUall ^jamj _jg Sail ^_ji LiWj ' J£ ^ ^_J^J f""^ (ji? L?J^ ^ U , ,. 

J j-la. ^)JC l^J JjJ V J A^ijlaj-all (j '-* ^.aljc. jjjj IgjY IgJ j»LiiAVI A^La. ^li 

AjJjS jLuij - ■ "7- II (jl 7 — 2.6 Ajjlx^JI ^j-a jail Ajjl ya aJjIx-o (j I ^ li a ■ iaJ 

Ai^iUJI (j^ j ciilli «. _ojJa ^fl .^jjJajVl ^^1 J^JI <^ AjE ajjj 1 Jjj AjK 'ajA 1 

:A-ajhi«ll ^ oJj^.j^ll (_£j£]l (jjj 
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0 2 board maria tabletop head bag legs 

-3 lb f -15 lb f -120 lb f -10 lb f -3 lb f -15 lb f +F legs =0 
il gs =166 1b f 

maria — jj ^ jl board — jj cjj^^Vl 4jl jkJ 0 2 — 

2j1c bag —>j «<jJ J\ head _jj caJjILII ^kuj tabletop — jj 'IjjI* 

s js <1 jLkll <Ja.J ^^ij Jil .4J jLkll Ja.J legs — Jj c^J jYI ClliU^VI 

.(jjl jj aJjLLII diLijla "j UjLo ^j^ 1 SjjJ 166 <_s is^Vl 

( "LojIiLall JjAa. ^jli. Jj^jxi (_j^jjj]I (JjLuJI (_py^ (jV l-j-^ ajjala3l <^JJ (m) 

(_jJjjj]| (JjLuJI (Ji.Ai jjalail ^ iaa II ^j^l 4j (J^^J (jA«-a]l 4ija_« .JJjj IjjV j 

j_£.jjjj]| (JjLoill AiliiS (jl (jJajjiil Ijjaa Lai.j (_)«■>■* ^^jll Ajj^II -j i aa II JSjllj <L« jjalajl 

.UjLi ^joiai oJaii (_^i3l j>^JI (Ja_o J^xIluj (JjLoJI (jV il.Og/mLjj^j ^jLaij 

:2~2.6 aLU-II JImjjJj <m jjalall Jl ^ ka II ^kjll JOjuo L-boaj 



/? = mv* = pV v* 



1.0 



_g_ 
mL 



45 



mL 



min 



0.5 

V s j 



ftY lmin 



60 s 



1 lb„ 



453.6 g 



1 lb f . s 2 



32.17 lb m .ft 



= 2.57xl0~ 5 lb f 

. Ol jj$Aj]| j LjjLo (jl jjLj ^JlxilxJI (_Jja]L AjjLLl (J- 4 ^- 0 (^^ti jxijll J jal^Jol'VI lift (jl 
j»i.jll jalia j| AJjlx^i ^ jill j ^JaaJl jxijll (Ji*-o J)j.la. (jj-aj^aj Ajij£ 3.6 ^JaLall J ^JJ. 1 ' 1 " 

4£iLaj ^ iJ! ^jljJt ^jJI Jaj 4.2.6 

(angular UjO "jlj-JI ^L^Vl l^Wa ^ j <5<j^*^i J m-%Vl lilllaj 

^ jl jJI ^jll jj*j j kbJ j j^. ^jjioba oL?jIj tdj^jj Cijjc. lilj . L momentum) 

(j-aj3 jl dlljLlui ' cAj* "Lajlaia !iLi.lj ^jj*..jjj ojLlui t^SJi AjJ-al (j^i J I ■ iaj jj w jl 

' « j| Am jJala !ili.lj 'S V'V CS^ J* 

j»i.j\3t jl^Lo ^^"'Jj .A-o jlalttB Ljjl j Lai.j A^i jjalall J j S ojjlxll TYl A L aflla3l Ajj£1I ^ LmJ 
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4^iaj ^Lujoj T • ' "?■ II ^j-bj-a ^1 » uJ ^^IxjuJI jtjLillj <La jlaiall J j-Aa. ^ >S J^3^ 

: jL La (jaj p JaaJI 
L -rxp - rx(mf) (8-2.6) 

.4_a jlalall la S S^jjlxll 4jj£]| icju ^A V J C£j-ia j^ill ^Utji j4 f (jj *— ^ 

4 unlllj li^jx^i (j_J^J (jl '.'~J ^j^aj^i ^IxjJu (j-ojJaJJ Zy (jl ^ fc-^N „ . ^ „ti t p J (j^" J 

4 Ueiti ^liljl Je. 2 Ajh'i.ll ^ jl_>^ s L%j| J J ■^-"■^S 1-^ ^ la - CAjjlAaJ 4_a jJaia J] 

(J-aa_) La Jj .Ajx^.j-a]l 



i^Sljll ( _ s ia ciais ^maj Jj-ls 1 * n-s jjJaJ (jl (j^-aJ (_£jl jll ^j^l (jl iUaa. cjL&C-VI (J^jJI (j-a 
4jxa.^a 4jaij Jl 4 luulL Lajljl JiAajjS, ojl^Lo Lai 'Ljjlj Laa.j i-^fc** 3< j-^' ^ti ^1 ma.Vl gja^ 
(J-**-) (jl^ lij (J/ 1 ' «a (_5jl_)^l (Jj*^"" Lai j .^jJaj^ll ^Luoi t_ajj*J (j^i (j^-aJ 4jj»_a 

(jl (_pajaal .4jjjUI 4£jaJI J 4-ajh'M J (^jljll j»a.j^ JJjLj 4_iii£] 4jjj (JjJaSl (jSajij 
^xaj 4_aJ (jaJ (_gl) 4£jaia ojljill (jjSj V '4jI^JI J .(7.6 (J^joJI) ojljJS ^^A "LajJaiaJI 

I j LiaJ iLjJI ^aaj (jjaj cojlj^ll 4iLaJ (_)J-a,a ■ u a iaa. Jt V <C^uU ^LljAa (_pa£jj .((_£jl j 
. IgJI j&ij SjljJI j^_)-a alajLj Jaa. Jt V 4\c_)jaiJ Ljajl (jj (j^a£jj «4A^)J >^*JJ • J jJJ 

(jjj ^LljjLa (j-a (Ja jjJaj^i ^IxjJu Ijj . (Jjls 'ijljjJI ^J^uij jl f u laJJ (jj (J j*ia (jl 

J^jii-a (_JjLjjj (_5jI_^I lH L^^a.j] tojjjl j^_)-a Jl 4 un'illj (jJJjl^ ^ "C.'"'*0 4-lLuiaJ 

lilljj t4Lajlala]l JJ f^-j LS' ci*^ V (jj (jl (_gl • ^-ill (jt t il"^ « jaLjjJ-a ^-j (jlj 
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<^LL* j£ 4.6 Jlid 



(jl (j^ajpal .<C.Ljj 24 (JS ejx Aajlj Acajou (J-^ajVI £-a (jJ JJ-a u 1 "'^ '' a _>"^ JJ-^ •^Lo** 

35786 <_5j^y u^j^' ji" (j* 1 »jl^ ^USjl jlj jJS 200 (_s ^Lu^JI j-aall 

?(jJajVl j^J-o J J^- _>aaJ1 I iA 4£]laJ <^i!l (_£ jl j]| ^ jll jljLa jA La 

jA jlXajl (jl (j^aljjaLj .Ajj^j Ajc-^joi oLajl jA - ■ "7- H JaaJI ^jll oL^jl (jl IjJaJI 

Ja3 ' tj^aj IjjLuui (_gl) ^jLiJI Jl jS^all (j^i \j_)iaa I g aJLa £jl^3_j^JI ^AjuZi (jj^J ' 
j^^-a Jl 4 u.nllj ^j^aj^JI ^Ixjoi oL^jV l.l«l*-a Lajlj <C.jjjJI ^LuJu oL^jl (jjfLij t^j-akll 
^lijjl Jl j»K 6370 jJLJI (>=jVl jlai 1 L^aj jxll ^U_jj JUa-a jU-lV J .(_>ajVl 

(j* 42156 J^' u'jJ - ^' ' g .' ' '(_K>jVI (jC tf r-l all j-aS]l jlA« 

la lk 4£.Luj 24 (_5jLuii 4jjl.la SjjJ (jjiLuil Jc tf f-l i* j-aill 4£._>jjj L-LmaJ CjLa _jLla1I ojlA 
J jia Je jIjaLlAj JJ*JJ <C^aJI oLaJjl (jl Jl Ijiijj .Ac-LoJI J ^ 11040 <_SjLmJ L^j 

/ La UUjI t-i'jxjj 1-2.6 aLIxaII JLaxioL] JaiJI ^jll JLkxi L-lioiaJ 4^ jj|.J jLalaII 



p = mv =(200kg) 11040 j 



1 hr 
3600 s 



1000 m 
1 km 



= 6.13x10 j 



5 rkg.m 



ift <.p = 6.13xl0 5 / (kg. m/s) j r = 42160 f km jjSj "^Vl i-i*>ij 
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"2.6 "Ujla-oJI (JLutiuAj A ajiai all LSj^J^ f^J$ ' ■ '' ""'-'J . (jl -lolxixi Ac^yA\j £j^3j^]| ^^IxjJu 

:8 

'lOOOnT 



L = fxp = (42160 f km)xf 6.13xl0 5 /Mi^. 



= 2.58xl0 13 fc^- 



lkm 



. 2.58xl0 13 fc kg.m 2 /s ^jLau ^jlj ^jj o^jVl Jj^ ^li-all j-Sli j>y tlij 

^r.l ^.11 ^akll lil . ^^iiJI £jJaj^i]l ^^cbtji (j^i (J£l ialx-o <_5jl^ 

.JjJall Jj^> *il IjjLoixi (jj^jjoi (_Jjl_)^ u!^ J^VI Jaa. Jjj^ JJ - ^ 

^1 1 nil r /jll ' 'j. all (Jj^alaJ Am jiaiall Jj.ia. ^JJJtJ (_£ jljll j*^^ (J^*- 0 ^ ^~"*JJ 

L =rxp = rx(mv) (9-2.6) 
Jl jkill jl^j . [L 2 MtT 2 ] jA L j«j jliiall j j^. (jajj J!ix^ ja m (jj ilua. 

p. jll j Fx v* (> Jil jl aJjIII o^. j] ^ jl jll ^jll <j! Jc. v j r — 1 ^UJJI ^jlill 

.([LY 1 ]^ I^aM s^jl ^jtjll 

j jfl ^ ^UJ! ff jljfl ^Ji! jAj 5.2.6 

jjjxj AjSjS (jc. jjw'i jA j c(tOrCJUe) X L«J& -JjJ (jl (j^- 4 ^ "J^* 1 * J » j3 JJjJ I alia 
1 nil ^^tlxjoJI gjUllj ' -Imajj olajl j (JUa^ (j^i ^jxll ' aluj .Ajjl jjJI - ■ ua II A£^pJ o Jsl\ 

; Alkali p Ajl*. jUJI o jSII j r J-all 

t = FxF (10-2.6) 

jA j»j*]l j .4-Uta,^tt3l A jaiill sjall (JJiJaJ Aiakj (j^i Vi^<ill ^.^i j-all ^bui jA T (jl 

jjLul! jja-o (J_$a (j j£j . " (Jj-aa_s (jl (_gl J l F J r (j-o (jjS.nl! (_£ jU'Kill (^Jj-aC' ^Ixjoi 

X Lol .(f-ljjjall (jji jjJ J l^laLu ^11 (JaJI aJI S^tli j^ij) ^1 » .'Ml <illi 

.(_5jljll ,»a.jll (Jia-o (^La^i jAj c [L 2 Mt 2 ] J^i 

.^jc- ^jljjl S ,vjlVi/^l ^3 Aja.jli. (_J_j3 JJjJ ^ ajja JjijJ (jl (_5jl^ ** "j^* 1 '"'^ U^ 4 ^ 

(_? J t4j.nl a") II jl 4ja LuaJI jSII :Log_uiij j_g jSII Jjij Ljjl j Lai.j fj*l\ ^ 
(jj<u.i-^ (JjiLoj (j a i ^ajj jjl (jixjj 2 Jj^a. Ait (Jaxj AjjoiLalll jl Aja iajoJI jill (jl 
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jl liljjll <L^aj ^ (__a j j . ac -Uir. jjjjLoj jA Lajc. j]jJ (_£j]l (jjiL-all 

' a i rajj Ajjja 11 ^Ij-all ^ (j| ^ i^uajc j] jj (jl I ■ jajl CLL/Li^a_a]l ^gi 4j£l£la.Vl (_£ jfill (j£«ajj 

AjJLsjjI Ifria (_J j3 jj-a L-iajl LjUJ (jl U^^JJ -t-^ a j;» > .o <4K*-s,l CliLala-aJ 

j 4jjIjj$£]I j 

:4ift! *M*-]L S jS (> ^Ull 
x g =FxF g =rx(mg) (11-2.6) 

.4-a jlalal] Aijxlll Cjljjl.li.YI <La jiaia Jc. 4jeL*j| A*j*j (CjJ <]liill ClAj jA g (jl (lira. 
3 ^jlV^U (^3^ L — ^Ji*^ <j?^ 2 -vjlV^ll jjj^ (j"' A I'XII ^j^aljc. (jjj AiaUtll (_Jjill - g i JJ 

(jjU) ^iJHu^l jUa 3.6 Jlidl 

ajjJIj- J^jYI J& ^ill f >il ^ .6.6 Js^illj 3.6 JliJI J ^JLuJI o^j jki :^sLu> 

(_5_aall (jl (_paj^alj t(jlfui=JI J (_5jjjj1I (JjLJI (JjijS j&fc V -ijj'j-^ *^V' (J^' 

( _ s j1I F^ o jfill ^i^-ij^i LaA c((j!/Li.j j-a -la. jJ ' " ' Ja ) > >i j-a J (^IcVl (J- 43 " 

(j& jojoi 175 A*JJ (^1 ^ °J*^ ^iaj-aj c(dljj|j^.yi j^J-«) ^JjUall Ajl^j (jC jxui 45 J*JJ 

.2J jLUI Ajlgj 

l^ia JS ^ jc una j lil cSJjlLlI Jc athj. r L^Vl jSlj- ^ diUoxJI :JaJI 

(jl (_pajjij 'JJJJ V A^ajhl^ll (jl Jl I jiijj • (_s^' fj*^' CS^" Jj)"* 1 ^^ ^*- 0 gj'j^l g r a '>'' 
JjiiJI (_j ji^j .(5.6 ^iaLaJI J ^ a SJjlx^ll ojA ^1 j-n"u.iI) I^)Ll^ (_JjLoij jaj_)*JI ^j^i-a 

.5J jUaJI Jc Sj ja. jJI ^Laa.Vl JiS jSlj-a Ja 1.6 

£T=£rXF=0 

(lOfcmx-3 Jlb f ) + (30fcmx/; 7) + (90z r cmx-15 /lb f ) 
+(100fcmx-120 /lb f ) + (110fcmx-10 /lb f ) + (190z r cmxF 2 /) 
+(180rcmx-3/lb f ) + (210rcmx-15/lb f ) = 0 
(30 cm) F x fc + (1 90 cm) F 2 k = 1 8 170 k cm . lb f 

: J 3.6 JUaJI 

4s=^+^=1661b f 
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(JjjU J . F 2 =82.4 lb f j F, =83.6 lb f o' ^ u^^ 1 u£U <Ja. ^ 2% 

1 a, ^.'Vi^ J 'i.^i.^ (IjjLa 4li£) AjlujjjII 4 1j£11 (jj/ (JjS*-a IjlAj cljla. (jtj^LSia (jjjjill 
(jjl jjj 3J g ill lie- e jj» ■ ail aLuia.VI (jl (jja. J '4-a jiaiall JJC ~1 gjjl j ^ jj^i Igijjj t3Jjl lall 

.l^jjj L> J 

JjI ^uJIj 4-LlmIaJI aLu^Vtj "7^ (-JLjUj 6.2.6 

i " il <i j'i A Jc J]| ^liill Jc. (_jjl3^ J cr^ 3 ^' -^-iajl J?,'.'^' dfi^i 

(J Uj-ia (JS Jc <IiaVlj .(JjI^jjjj al j 

jjc- ( alia a ja j Jc jja II liLul^xajl j lilul^Aail CjVla a (j^i j/'^ J 1 " ll aJj aa II gJlxJ 

^-y*-" L - ^jllla Ajiaij ja (particle) ■ -\ ti a Lua.Vl ^ail— 

(jja. .ajj** 

Jill r- 1 ' aflll (j-o <iaii]l J (_|axj (^fLa SJliill) 3 j «,,.■>, 11 jail j 3 unl a") II <_£ jail ^lu. jl ^ 
3-ajL^alall L^liJI ClsLaJjoiaJlS (J^lstj aLuia.1 Jc. (_£ jlaj Jill -U»tll 4lial (j-o j . - It aa II I j IjaJ 

.(1-8.6 JLiS) JjISj Jl— II ^-aJlj (10.6 JISJ) 



3jAa 4j\jjLa j ' j/"^ - I aaja j 3Jj£ (rigid body) ^ ■ ul a 11 - i aa ti lilllaJ t3jjULallj 
tajmaJI (j-ajJa (jjj j^a <liuij3l £jJalj^JI J JJ*J (Jj-^aJ (jl (j^aJ V t(_£^)a.l CjIjLxj 

(jl VI .Ala ^jaj Vj SjLa - 1 "7- 11 (Ja.Jij V 4jl lilli Jl ' °1 ■ <aJ .JJ*li (jl - ' II J*s lu! (j^aJ 
(Jjjjoi (Jc. .Ailii-all - 1 aa II *l3^' J 1 alia a I jiSti JJjJ (jl (j^-aJ AjAuiaJlj 4 jml a"ill (_J jail 
Laj i a (_j jal (j^ajxjj (jl Ailli-all AJaliil (j^aJ '(jJJ j^a-a 1 "7- a j 3Jj£ . , „■%, 11 (j| Jj l^jlij c Jliall 
j l al \n \ (j^Aij Sail ^ _jl Jc LijLa JlSjj dya. 3.6 (Jlj-all J Jjj La jl jC. ;3i3la a 

(jl (jj^ < ' a II a 1 -7- II (j-a Ali-aaia ialij ^-a (_^LaJLJ (jl * ■ aa II ^^Lk ^^)a.l AjL a 
Jl 3 A uiflj ^jl^3_oa1I (J (Jll AjLj _j^a ^J-aa. (jli t ^jajla. - 1 aa II (jl Jl I __>laj J • (_Uil^llj 

3x.^uillj a ' II lil^pjj '(jljjJ i^l ' . 'La ij I » 1 a»j 3jj|^]| 3x.^uJIj iil^)ajj Ajxa.^all Aiakill 
(J ^Ijill ^u:LaJI - 1 "-^ II 3_La\jt^ (J^ilxj dlLjj^a Jt (_£j!iaj Jill - lajll AJlLal (j^i .Uj_uiSj AjJaa II 

.(i-i-8.6 JLill) (seesaw) <a^jLvall j i3*aljll j t(6.6 Jliall) 3i£LJI 3^,^ jll 
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I 



fjoia. l\— 8.6 JS-uill 

(j^-^ -liA^ (jjlx-a 



^-8.6 jiAB 




frlLj .IfjjjU. u'j^ iafc J lSj5 jjShj JaJSlI J] Jixjj SjLo ^ (liquids) J^IjaJI 

LagjK (jl i a . <_Jjl _jjoi (jjSj (jl (fluids) £jl >all J lllljli!] (j^aJ c<=kj jlll j Aa\j£J1 L$ \c. 

I (Jal jlill AilfiS (jl jA p^L^ LojJ^I j tLagjjj 4-ag-a (jjl j3 o^C. 4-aJ (jl VI c^ULlu jj'hj 
Ajljlii l$jU tljcLp jj£I j IjiiS Sajjjjl jlill clll an ak (jl Jl Ijiajj .£jLall (j-o o^lc. 

(JLi-a Jilli.V Laj i ail jl J.1«JJ (jl jlill j^i (jJ*-a jl-iLal (j£-oJj 4£jI_ia1I (j-a I A aC ial » i a£)l I 

. <1xSj (j| £jLal| (jx 4_uiij J^iall (j^aJ Ia« ~l a ^Vl (j^a 

JSI ^1 JjI^JI j .(jjajGll (JjLJI A^jlLa (jc jjjii (viscosity (4.) ^jjUl 

. s-Lall qa <La.jjl jj£I La j-a£ Igil VJ tAilla all ds jjjll ^1 (j^ 4-aJ .liLajaJ jJlij 4_a.jjl 

<ijjiallj iiiljaJjj I alia f Luj jin'iVI Jl (Jjiill djjjll l&J Jj-aJ Jill Aijjlall (jjj (jjU 
JliJ aSX jaj ^1 Ai. jj] (_JjLoij ijLuuVI jxuii. e jl j=l jJl JUC .aJj^joij *lall ^l^u 

(poise P) jjjJI ^ 3^ jjll A*jLi]l ol^. jll j . [LT'Mtf 1 ] ja jjlll .^lall £ jjl 
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.dyne.s/cm 2 — Slj^Pa.s — llj tg/(cm.s) lsjI^j ls'^ 

jl«JJ ^^l OJjAll CjLuilLall jjiila (j^i 2<j^ J ^H (JjI_ojoJI Jl ' . IjlA AiLal J j^-'jj 

jaj .(Cj-8.6 (JfLill) 4jJ^>- <aJU-o Clljjgjaj J i_J jjjl JJC. (jSJoll j t(13.6 (JUall) 

i . ujqij «lc j JjailcJl JjUJI i "'^/'^ jlSoii ' ij ' "* j* i-j-iU^ll liA 

<C.^joi i'JjV*. '- (J S nil ,j (Jj ' "'"'^ ' jiajii j (Jijll SjAUaJ -* ' , u£ . IjA a j3j1a1I 

Truskey GA, Yuan F, and Katz DF, ) ajjjIiJI CjLALJI jjki* AiajlJI JjIjJ 
Transport Phenomena in Biological Systems, 2004; Bird RB, Stewart WE, 

.(and Lightfoot EN, Transport Phenomena, 2002. 

^LiH fijfl JaliaJI 4*^1 3.6 

(jS-j V lil .(1.2.6 jtUiJ jfcll) ajSl! Lib ^UaaaJ- ^ jljfl ^j2l j <>aJI fijJI 

^llij jl ° ■ <3J lidgiuiVlj AJ jlill <_£^a. (jl . (jj^ll ^ J\ kji jiaiaJI ^ LaAjUsI J\ LaAAi] jJ 

^JaaJI ^.jll Aijljx aI^Ix^i (jxi (jliaJI (jlik > 111 c<-ajial<JI J Ajalajlill A-^alaJ tUajj 

.JaliaJl <ljlx-o Yi'n«w Jjl^J Jill <_£ jl jll fl^jJI j 

Jl SjU JlSSJl J^u 

A^a jlilall II j»i.jll jl^io Clljjju j»£l jjll Aa. ' a ■ <aJ j 3 Sj^il Jlajjl ^ LljJ 

<j| ( _ s Jc. (j-ali i^-^l J 'S-Lij^l (J^JJ-^ is* A ^ u ^*- S (Jp'^h u^**^^ JaUajl t_ajj*j J^jj 

S^o jUull ^Kll jxi.J>ll (jj^J jA«-<i Am jJalall ^ o jjj^ll Aj^jLiJI jill <L " (jj^J 1 ajja 
(-S <joiij jA ^ ^--^ II j»i.jll Sal to j| a jg'" (jl !t_llj£ll liA (j !>La«lui« (JjiJ L_ajjaj]l lift .IjjIj 
3 (jjjjj^JI (jjj a ^ all j (jjjjljjjsll ^jj^jxj 3ij^)Ja jj| t<jjjaJ| Ajuj^i^JI j f.Lijja]! (j»<i 
AijjJa JJ*^ JJaiali (jJJjja II ^jj ■ a aj| ' ' -a jJ Aij^jJa ^ ( a^ii.'^l I j .i_kJiij ^^jll 

(j^i It jJ in ^p£l <jjat£j]|j al 8j3l 4jj| ^a]| Cj^/jlx-o (jj^J cLai.j a i aJJ ^^1 (JjLuuJI ^ 
Laiii. j .(j-o_^l ( _ ? lc eAiaJa-ttll ^jll ^*J.'^* (j^.'"'^^ ^3 iilj (jl (j^-aj LjjV <J^jaJ| Cj^/jIxaII 
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11-4.2 JiliaJVI Ai^U-al 4jLalsa3l Aiu^W t^^Iaai Cfl'lmt CjIaLxJI JjSj 

:4-a£laII 



VJ/ _VJ/ - 

A in A out 



dt 



(1-3.6) 



ejLJl Jib \a jlkiJI Jl j (jx tJaaJt ^-jJ' 4£ja. jLuaai ,J ia.hl JiliajYI ALU-a ■ ■ '"<" j 
:(9.6 J^.nll) 4-a jJaiall t5 Ic 4ja.jla. <_£ j5 (JjJilaJJj t(m ) <Sj£3I JjajG ^ La£ <u i aa II 



dt 

a dp sys 



dt 



(2-3.6) 



(3-3.6) 



Jl AikWI ^K-^H j»a.jJI Cj^^a-a £J-aa. £ J-a?-a ^* ^J^i^i -5 ^ Pi cjj '"''I''* 

i / 

4a.jlaJI (^aaJI f^j^ ^Vj** £-lAa. £ >aa_a LaA ^ jV ' ■ J ^ ■ J ' - j ■ aa II (_£.iLaJI (JULl 

j j 

c<Laj!iia]| Alc-lill 4ja.jlaJI (_g J*B ^ J"? - jA ^ \ F j ' ~ J ■ aa SI ^^Lall (Jfijflj "Lajlaiall jj-a 

jiliij! ^1 J j Z j^Shhll JJJ^JJ .A-a jiVmll (j-a^a <^\->\ II ^jll f^ljj j!i*-a jA dp^/dt J 

jaJI j (Ja-JI ClI jlii 




4 ajJalttil Jlj^ 



4 ^ Linl ^3 



4 ajJalajl 



^Lu :9.6 Jiill 

I<i? LaJI ^jll Jiliajl ALUJ 



^£1 jjII ,1a. (jj^J Laiia. .4_a jJalall ^ -gjaa.il jxa.^ Ji*-^ <_r^ j£la-all (jc ^£ljj]l ia. 

Lai .<La jlaiaJI ^jLuij jl ^IjjjVI i—i^jiiSI <_jLa <j3l ij-i] CllLa jla_a 4a.la. <LaJ (jj^j .13 ilj ja. j-a 

. [LMtT 2 ] 3-3.6j 2-3.6 Ci$**A ^ ^ 

I * ik. . <La jJalall >ja»' Aij^jJa JLaxiaAj p SyS ^^iaaJI A^i jJalaJI ^a. j I— iLma. (j^aJ 

.4jc.^uj II Ai£ ' . 'J' Jt? SJ,S 1 . ' ""^ Jj 'oAalj <C.^uij lil^ajj <jl (j^ajji 1 1 au aa A^i jJala]! 



J^] (jjSj ' " ua j ^ialLall ^j^i J^c ^1 LjUjial liLia.1 (j^-aj cJatl A-ajliLa]l (jj^J I ajja j 
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•4»j- j jlaloll p SyS JaaJI ^jll ^ LmJ t4-o jJalall J U-kLo H J javj 

p sys = X^ (4-3.6) 

A ^± j i . il , ua jj^aJ . 4-o jiaioll ^^i ( p ) 4jj£ll 4ilii£ •^J.iaj _jA L-lL aa 13 __)i.l jt^j 4-oj j 

:V 5_o jiiloJI t5 Jc <U£aHj JaiJI 
P sys = £pv dV (5-3.6) 

cjjl _jjoJI £-o (J-ol*jll (jii. jj-a j' aaJl 4^a,j Je. I Alio ^ laa 11 l]/'""'^ 1^* J. 1 *'* J 

IjlA J j. ^.•"la'ij . JjjjjajljLuJI Jjajj i a . — jll (Jilll Cj^-llx-o J ^ J'*'" 1 ' J Ullc- (JxaJjoiJj 
Cllliuiaill Lol j . OLiAuikJI j <JajjoiJI AloiLiJI jaLuia^U JaiJI ^ Jl ' ' " J Jc ' . Aj£ll 
jjJxJI jj^ojS t(Jjl _ajoi]l jxlaj jl t«.l^a.Vl jl ^ialLoll oJl^xILo ^xlaj ^J ^ laa 11 ^xijl f&\ JJ (j-ojJaJJ 

. ^jilL-ailo ^jilla^J q±i <_fi jjt (J-ol*all (JJ^ 4-<u!iL<ill Ajuj^all AjLqI£j1I 4jLlk«all 

-3.6 j 2-3.6 (jtjblx^ll) jjliLaUill Ajjl jA\ Jbl*^ 4jt&j SjLI£j1I JaliaJVI 4LU-0 j 

:4jjlgjjVlj AjjIjUjVI QjllaaJll (jjj 1 «g*l *1 S * j ^3 
2-o jlalall Ji.1^11 JaiJI j»a.jll It LoA j" / V* ; j J ' ^ ^ jj 

L*a f ' y^m ; v". dt j f ^ J J *o U J*'^^ ^ cJ"'V^ c^i-J J^W 

j t(i j 

i tf J ?q tj/lh*>lll (jJJ ; -»jin->ll (_5jLo]l (JSjlL 4-o jialoll (j-o ^jLiJI ^Ir^H j»a.jll Itj^i-o 
4-o jlkldll J 4ic.lill 4ja.jUJ| ^ J\\ ^-Loa. (jt ^U3I Jill (JaaJI jA j" ' dt J 

jjj 4-ojliloJI J ^! jloJI Jill JaaJI ^jll jA J — j j f Q j ilJaaJl l jjj 

. ? . j t Q jjilaaJll 
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(jjjLLuJI (jjotala-al! jjAa. jaj Lai j .^jiJI j (Ji.j]l I— lljLu Jl j!>Li]JI JJjjiJ 

JaJ f j ? () jjjiaaJll J A-a jJaiall aJLs. (jc ClLa jk-a Jl A^.U. A^j (jj£2 jii . [LMtT' ] j$i 

.Ajlal£j]l aLUJI JLaxiuL A-a jJaiajl 

<_S^J "(j'O^ 'AxjIj JJC. jl iAxjtj (jjSu (jl 7 — 3.6 J 6 — 3.6 (jjj]jl*-ajl jj.laJ (j^-ajj 
j»i.j]l i a ■ aj (_£j]l laJl j ^.jll ^Vix-a i i aJ ^jiJI j (Ji.j]l jjAa. Alalia (jSLaJ t ^jjalL^JI 

: ts jLj La£ a all Ajlajll o.lall (j-aj-ia laa II 

-Z^ + F =A SyS -Po ys (8-3.6) 

&,v ; "I^v . + r H Pdt =PT-PT (9-3.6) 

(_£jLa]l (JiilLj A-aj]aia]l Jl ALkljjl AjJaaJI ^ijSI It >a^-a LaA V~ j ^ /?, (j) 

z z 

(j"" Aji.jLiJI AjiaiJI jxijil ^ J^7> a LaA ^ ftl jV i J ^ \ p j J l tf J ?q (jj'l*»*>ni (jjj ^ j i II 

Jill ^i-.-^ll ^jll jA P ^Fdt J it f J ? Q jiikaJI (jjj y;jLall JMj A^jJaiall 

JaiJI ^i.jll jA J5 f SyS J itj J t Q jjjdlaaJII (jjj A-a jjaiall J Alc-lill Aj^.jLkll (_g j£ll (jc. ^Ull 
.,* 0 AjjIjIsVI Ai=J]l J A^jjalall ^^11 ^ j^f" J ' t f AjjLpVI A-Saaill J A-a jiVi,all 

jiJI j (Ji-jll CiIjLsj ^llj Jl J j / j!liL]l JjAjJ 

J^jII J jj^j (jjkls La J Aj^iU. j tAjjfaJI AtaL*-all£ 8 _ 3.6 Ajlal£jll Aljl*-all Ait u^< jjij JiS 
Aljla-all jj-a Aj-aLi. AlLa. ojA (jL) (ilj£ij (jl ■ -La-1 (_£j£ll <_LolSj -li. (jl JJC- . ^Ijjll j ^^)iJI j 

.AuLlSlI 

^jlji! fijJ! JaliaJI CjVjU-* Ajl^I >• 4.6 

^ijll Salia ''I Aj^lx-a j .Lajlj ^-'^ j " La A-a jlala] (_J jl jll ^3^' 'cs^ 3 ^' J CS^" 

J AicUll ^jj«JI (jCj cLjJIj A-a_jlilaJI (j^i (_5jl^l (^3^ ^^)^ (jC- (.s-^Llj JJJ«J (_g& cSjl j^l 
ClV^Lt-a ij^aiJI j^jll AlLa. jl JC. ^jitj .A^i jJalaJI J (_5jljll ^1 JJ J ''La jJalall 

Ajjja SI Aijl j-all dVjLt-a (j-a LiA lc jJjoi jj£I Ajlal£j]lj AjL alijJl Ajjl j-a]l 

CllV^*-a j j» j jxJI (^ dlLJaa all (jj£i I aljai Sal °^ ''VI aJjLla! AjIi al 3uSl AjtAi all (Jl aatAuil (jj^J 
A-a jlilaJI (j-a (^jljil j^-jSI A£ji. (jl luia SI J ikU] Sal °^ ''VI A]jlx-a j -(^jljll ^jll 



570 



^jLJI (JUL 2 AjU'i«ll JJ J^UI ^jJI diV^«-o ^j 1 "?* ^ j"? * ^ Zy f (j) 1 * 'j^ 

i 

(_£jLa]l JailL <La jialall (j-o ^ jLiJI (_£ jl jll ^jll LlsVi*-a ^J"^ ^J"T~ a jA ^ ' j < ■ SI 

cAxjlilaJI <lcUi! kja <JI J ^1 4ja.jLkll ^ j J*J1 ^ J-a^-a jA ^(rXF) j ' 

dll jLj (jSliaJ J j / Cp^A^li j .<-a jlilaJI ^3 <_£jl jll fijll ^JP <_&*-» jA dV^ j dt J 

^»£l Jill (jj^J ^ "V^ J J^ J^' 1 *M (*^J 15^ <_s"^' (J-l*-a (jt ^1 Jill Aa. ^"^J 

4-ajiiiall ^ jLoijj JIaIjVI l_j_)Iall (jLa AjaLjal CjLajlx^i 4-^1^ 4-a!i (jj£i Jjj^.j-a 

.[L 2 MtT 2 ] 1-4.6 ihU-ll ^ ^ U .^jljll 

• (^J^J La ^ijj*^ LSj' J^ (^J^ (Jist-a (jc 9 — 2.6 <Ltal*-a]l J (jiajjxiil ^ k«J 

x(m,v )) - £(r, x(m/ ; . )) + XCFxF) = — (3-4.6) 

."Lajliiall jjtojj <UuiLall Aij^jJall Jl aiMmlj La <a ^laial Z/ yS (_£jl jll (*^J^ S-^ '""^ (j^^J 
aiaj J ' "'^ */' "?■ II "UliaC. a jjtj i£j\j$ P^J$ ' ■ ^ ' *— J '*' - ^?"]j (jj^^)^ 3 CJ^ 1 " JJ"""^ lA^J 

Glover C, ) lsj*-^ ajjiXi$1\ j *Ujjill i . '<< <JjI jjoJI j ^Lu^VI j ^r.Ati 

Lunsford KM, and Flemin JA, Conservation principles and the Structure of 
JaliaJ CjV^l«-a JLaaluil tjlkn ^Jill (_j\j11I liA (J o^jl jll JjLaJI j .(Engineering, 1994 

.Lijj^jJa Z/ yS ','1' ""• (jla lilj te^SLLubttll jiajll Jc a ailfl^ L?j'^ (*^^ 

AjjIUjVI jjjIiaJll jjj 2-4.6 AjLblaill AjjljJI aIAxm J-alSj iAjLl£jll JiliaJVI AjjlU-a 

: jL La] lis j AjjLpj'VI j 

! J 



571 



AT '"j- 

+ f f Y(?xF)dt = f ' —dt (4-4.6) 
J 'o J 'o dt 

JUL, Jl AikWI Ajjljll jxll £ J- 4 ^- 0 J* [ ' ^ji^i^Pi )dt (j) t '"''-'' > 

"~ 0 i 

2jjl jJl j>jj*JI ^j*?- ^j-s- 0 j* [ ' x )^ j l tf j to gA^^ I (* ,' ■ "> A t^i-al! 

jA f ' ^y\(rXF)dt J '/ f J ? 0 j-jd^taJII (jjj ftLiaaJ ^jLall JSilL jJaltll ^ 4j*.jUJI 

.J j ? 0 aftfeaJB jts-» J ^1 jsj ^jl jl! ^jJI ja ("' (dV ys jdt)dt j 

4-4.6 Ajjl*-all J J»j Lai jaJ j Ol jLu ^13 J J j / (jMJjJI JioJ 

^ j ? Q (jjiiiiill J "Lajiiiall L-Sjjia (jC ClLa jLtx "LaLa. <LaJ (jj^J .33 j . [L 2 Mt ] J$3 

.5LH£jll AJjUaII JLaaUj <]LuJI JaJ 

(jS^u CjjillLaJI Jj .(j^ijl] 'AjljIj jjC. jl cUjIj (jl 4 — 4.6 "Ujla-oJI ''j laJ 

'iUa*-a]l <jlajl oXall (JAJ-ia j^' (^3^ tllV^Jt-o ' « i aS j]l ^^)iJI j (Ji.JI J j-li. Alalia 

:jL La JjSj 

Z^x^ )-H^Pi )+ j? S^xF)^ =Lf-Lf (5-4.6) 

< 7 ° 

^jLall JijlLi 3-ajIilall J] Alkl-JI Ajjljll fjjsJI £^ ^ J-a?-a jA ^(^Xp ; . ) (jj 

i 

<_Sjljil *i.jll jA f f y (rXF)dt J i/f J ? Q (jnh-wUI (jJJ (»jin«>fl ^jLall JULi 4-ajJilall 

jA Lj S j itj J t 0 (jjjiaaJll jjj 5-a jliiaJI J <ScL4ll Aj^.jLkll ^ jj«JI (jc ^LJI 
^jljJI ^jJI jA L^ S j A^l^VI UaaJD J A^jlilaJI J Jj^jJI Jill ^jljS 

. t Q AjjIJjjVI 5iaJ]| J 4-a jJiiall ^ Jja. jJl 

JJC - j i It (_JjLi]l (JSilLi ^^>^ J' aaj V t^Ajjjx^JI JJC. (j^l) Alia n\) <-ajial<JI Jj 
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iali-J 2L« jlilall aJU. Jjiij (^jJI 2-3.6 <tal*JLi p-j^ 3jLaliSll 4ius,\\ 

ijl »ja"i..^ll 

£f=0 (a-1-5.6) 

4j^j]| jUj^I (j-a j£ 4jaL» CiVjU^i (jJfc J _a^aaJ (j£aj <4jLfjla £-l»Ji]| Ajj^ijj 

:S:uUl<J CjLul.ia.Y1 5^jU.-,J 
Z^= 0 ' Z^= 0 ' Z F ,=° (b-1-5.6) 

c2Jj£ lg_La ^ jij j! IgjS (Ja.Jj V j liSjaJU V dlY^Ltxll e^A <aJ ^j]| -U.'iti La] j 

tilul^Lttll ^ i " a (JlLa (jj_)^ ^jj L " ^ * 4-aJj . (static) AjJjirUiIl aJajll J (jj 1 11 ^ IaCoah 
.(jUiSllj JS^I Jla) 

ojj^all (_J t ■ ll ma Igjlial (j^ij " " J */' "V M dlUj j's i a LJlc. 4j ll^ aj]| ^Lj^^jjill CjIjjJ ^ laau 

^ j£] .(1-8.6 JSJ.1I) <H£ ^ 

AjjjiioJl jjaill Lai .ClUuAll t5 ]ft 1-5.6 AjjLu-all lJjSII IjlA ^ Jjfkj V 111 cCjLaJ^klL 
^ gJlaj li] j Ajjj^ II ClllLulaJ ^ ^ j u'ii II ajffi (_^3 4 *l i nl ^^jfj ^Laiaj ^j-a <jj£-a]l 

l_L>^ai!lj al ■ a£j i " a I lltoJ Aiil i-ilajiUM AjAi^aJ 4jaJLt-a A j ■ al a II »Luia.Vl dlLj jftm 1 . iI'Vsll | j& 

.<_£ jjaJI ^nKjati L_JJ^ 

(jl 4.LajaiaJlj 4-ja U, Jl ^ j£l] (jS^jj . jj-a^l J^*^ ^ J » \j ^ " ^ * ' "?• M tj] 

<Ja4j JJJJ LjJ^I cSIIj (jl LLii.1 (j^aljjaVI (j^-oJ 4j1 V] < - ■ aa II (j^i 4 alia a JalSj ^ JJjJ 
.AJj£1I j^J-a ^ J^JJ ^J^ill S j5 (jl Lajlj (_pajjij 1 (JlfLall (Jjajoi ^^Ic .oAa.lj 

(_J jl jll ^i.jll ialiaJl <]jL«_a] AjL alailll Sij. ^.11 Jjlkj tej?iniall 4ili_a]l jJaiall AJLa. (_i j 

:^.u^il 1-4.6 

^(FxF) = 0 (a-2-5.6) 

La] llSj sXalxlaJI OLulia.yi jjl a a (j-a jj^ a (J£J ClV^L«-a (j^-<y CjaJiJ La jljC. ^^itj 

£(rxF),=0, ^(FxF) y =0, ^(FxF) z =0 (b-2-5.6) 

- 1 aa j| CllLu j*^ i a (JjLuia (j-a j/'^ ijaj Ix-a S-2 — 5.6 J &-1 — 5.6 (jjj]jl*-a]l (JLaaiuil (jl 



573 



4+\ jjll i-ijlj p\$ jjall 5.6 Jlltll 

t<JaA£]| a a kiiil j .ajJjj aJjj Jc kjjj^j 1-10.6 Ji^JI 

b j p (jjj ^ijj 'AjojIjjJIj (J^lsUI (jjj AiLoball ^a 4iLui« p j a jjj J.^^j .jjjjiill t . u > 

g.1 i «aall J CjjIj j^i 2 Ua'iti^ ^jijoball Lai .<Luiljj]l iiT_pj Lsjja. JjjJ (^jJI jJjJjll ■ ■ u ■ a3 

• O^jVl J J^J' Jj Ajjoiiits 

. y aUj^l J (a Aiajll J) Jc. jj jjj 289 U JjL« S ja Jq.nll Ja-jll ^jjj .li£Lu 

. p AjJ jjJI Aic y _j j (JjaUjV J Jjj jiill j n aL>iVI J a J^ISII jjc. S jSII tji.i^l 

Aji.jJ 50 IAjIjLo AjjI j ^jj-aJ ^ j c^joi 14 A_uiljj]lj (J^lSUI (jjj Ali-ajll JjJa (_£jLuij 

."Lojlx^ll (_§ j AjJjjJIj (JiA£]| (j^iajj J1I A^i jialall l_J— 10.6 (JSJJI jg iaJ ij^l 

lUjia CjLjal JiaVI (>» JJC AjaLs. <-aJ iA_J jjjl j J^Kll J AJC.U3I <_£ jSII L-lLuiaJ j 
.4j Ajj£ V JyJuAa. f 'n> jA Ajjjjil j <JaA£ll Jjj j xJaLall • 

.jll&lai j AA.IjJji • 

.Aaij (^jSII • 

.(^ Jja-«ll) cjjjWJ' oUjVI J a1c.U <_£ jS .la. jj V • 
^ jJI JaliaJV AjLblaill AjjlxJI Jjiij tAl&JI A-ojjC. ajSloiJl AilLj 3-d jJilall aJU. J 

: (2-3.6 aLUJI) J*sJ 

Z^ = o 

A-a jJaiJI J 1-4.6 AjL^UjII (^jljll ^jll Jaliajl AbLx^i Jjlij tiillj jljC. Jc j 

: Jj AjjUI a^jjc SjSLuLttll 

2>xF) = 0 
F -F =0 

p,x 

"^+^=-289N+F^=0 
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. V ^ \? i-** (j^y ' - 3 <Jjljjl.la.yi jfc^y Aiakj JJ-laj 4Aj^.jLiJI ^ ' . ^ ' ^ J 

jaliaj! 4JjLk-« (jllaj jjjxj .^ =0j^ )JC =0 jj^J I iij 4 /? 2 UV.ll ^fl CjLul.la.VI 

(^x^,,O + (C x ^/) =0 
((0.14m)(sin50° /) x F a /) + ((0.14m)(cos50° (-f)) x 289(-/)) = 0 

<L« jlala (_J jii ^ua. jaJi ( _ s lc (J' aa 1 AxjtLalLij . (jj jjj 242 {£ jLuii F fl ^ A-oj3 <j1 cj*'.'"',' 

:4jJjjJI j JaASl) 

F^=242fN, F -t ,=-289/N, F,„ =-242i r N, F^=289/N 
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Ajjj cJULall IjlA ,j 

I aip . JjaYI £-a 4aJj.JIj (J^L^ll (jjj AL a jj| Lytli gaJ ^j]| Ajjl^l] laSj Ljia. Ji*-^ ^ ImjSI 
^A aJ_^a. j-all aAia.j]l ajill (jj£j iLjjJI I frlla i '—j -LujIj^II (jj£j J 'LS^ sJjAaa JjU (jj^J 

. ;t oL^jVI a jail (j-o J6^j 'f-^ ^liijl j <j£j!I *Luj| £-« j • J «UjVI ^1 S jail 

Jc. J=d£SI j (jUJI J JjualLaSI ^ j3 jLajaj liS 

^IjJI (jl ( _ s it (jLjIajj (jlilll (jLlaAuiiill (jLwaljjaVI LaA ^jl_aAill I^A (JLutiuil qa AiJ La 
VI Cfi^i 44j*alj jpSI jA j-aill ^3 .(jtlo 4jjIj.JI j JaASSI ( _ s jSjS (j!j (j^Lai 

ClVUa-a jjxjj j .jaLaVI J^j (jSauS (JjajS (jl (_£j£ll (JJJ (Jjlj^SJ (j^-aJj cAjjljia (jj^J 

^jJI 1 '"1 ■ '— J 4 j£l . a (jjS VI <La.lj.lSI j L_l£l jSI <La jiilaJ (j£xJj c^jll jlaiaSI J (_J jill 

<_£ jSSI ^jS ^3 till jjxj Jl 4jJ>a 4j2.jLk a j3 ^Jlij Ajjx^i ^JaSI !)lla) ^laLa (j£l j! lilli 

(JjJIxj ' . 'TJ AjjVI *• jJ A-uiljJ (Ja.1 (j-a^ Ajin.ViA A ajj I iSjjatji (jjf^J j Aj^ajgia all 

.jLuaaJ J-al jxll lilt iaijS j-aill 

£l jiM Je AjLkA) ^jaSI 6.6 Jli»ll 

^IjiSI jja.jJI SjjxSSI jxkc (biceps brachii) oj^IjSI i-ili ^IjiSI Ai^ac :3JIuls 

Cj|j A jau'iSI CjuI LlA (j/i) > >i j-a t_aj£ll ^xlaxJ <LiaxJI -iaJJJJ J . (I - 1 1.6 (J^jjoII) i_Jj£1I a laJ» J 

L)jj ^'j^ ^ S ■ iaC (jJjJ ' I (j "'J jl ^IjiSI lilj^pjlj ..laJ j ^j^aj^i ^a a^)J*^]Lj (^jajjjI^JI 
15 jjaj^ill |jC. ^XJJ ^IjiSI Al£. j^JA (jl (j^ajjal .(jaj-aJI (Jj-aLa J BJ_a2Lj^ll Bjall ^a ^Ijill 
^jJalj-all Aik-a!La CIlSL iaatSI (j!j i^jui 6 t_£ jLuiJ JLjJIj LLtll (jjtljill (j^i (J£ ^>iaa (jlj c^xu: 

6.5 ^IjiSI Jc <LkaSI F £ x ^jJI J^aiaJ AjaaVl a jSSI ^ jLaij j . 1 1 .6 (JLiSI ^fl AjjfaSI 
UJJ (J- 0 ^ (J- 4 ^ ^1 jiSI A \ l ^ir. (jl (jiijjalj .(_paj!iU Ajjlj^i AjxjJsj J ^1 jill Cliiijj (jja^ (jj jjj 
.Q^J^l <jjl _j-a ^Ijiil *tajV <LjaatSI (j-a j£ ^ 4-a_pUI a jSSI Uuia.1 .^Ijill 

• 1 

.Al^axSI (j^, ^ ja JS J a jSSI L-Uaa.1 (I) 
^ LaA (jLSj^ a aSI AliJajcSI Lj3j . c_l — 11.6 (J's^iil (j^f« 5-a_aIala3l LaJai. "('.') 

■F B j 
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04^ -2 



: CjI u^ija (I) 

.( £ Aiaiill) (jSj^l' (j-o jajai 15 -1*J ^jit JJjb "Uaij t<Sj£31 j^J-a £AJ * 

.AjjIj ^jAj tiaSa x y ^j"u.i«ll ^ (_U*j • 

sjjJ 150 -IxujjILall aa uill (_g jLjjj • 

: CjI ^i. jll j j J-ajll J Cj! jjillall ( Cj) 

UJJ =W • 

(jajJU jS : F £ • 
•cm, N JxxiJ • 

i— iLui^ .3 

2-2.6 j^jll Jiltojl aA^I SUj. ^ l 2L£ :C^U-J (\) 

iXa jkiJI ,J Aiill jjSlj Ijkij .1-4.6 cSjIj^l *i.jJI JaliaJ 

Z^ = o 

£(FxF) = 0 
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: y j x JjaUjYI yi lSj^I 

X F ,= F A.,+^.,+^.,-W =0 
^ j k"*JJ • JJ^ * ^jic 4jj j^xJI (_j jail CjLjS j-o (j^i Vj ^J^i ^ 

) + (F Fg xF B ) + {r w xW ) = 0 

oUjVI (ji) _F £ x S jail t^j^U AjJ ^ ^Ijill t"mn jja. j 

t^i ujj -lA>h 6.5 AjjLuj^ (jij^JI ^a ^Ijill a'^UaW 



W = m g 

= 0.023(1501b m ) 

= 15.3 N 



32.2 — 



s 2 lb f 



v IN ^ 



v 32.21b m -ft y 



0.225 lb f 



0 A = 86.2° cAjIu^II c p 3 ^ .(cj-11.6 c£&*\\ Jl^L, 

y j x ojaUjVI cS ^i** (jii^l JLmj^Wj • B B — 80.5° j 



F A (cos 86.2°) (cos 80.5°)- 6.5 N=0 
0.06627 F A +0.1650F B =6.5N 
F A (sin86.2°)+F B (sin 80.5° ) + F E y -15.3 N=0 
0.9978F A + 0.9863 F B +F E y =15.3 N 
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jjjSj 111 j tal laa all dlLulAa.yi <La jjala (jc jUiti ^Jhils jS^all o jail p^buai 

fAJaSill f >JI ^ (j^jj*^ . ^ =(15/ ) j F Fa =r Fg = (5/ ,3j) 

£(FxF) £ =(r Fj| xF A )+(F Fg xF B ) + {r w xW ) = 0 
{(5fcm)x[F B (sin 86.2°) /] + (3 j cm) x —F A (cos86.2°)f 

+{(5f cm)x[F B (sin 80.5°) /] + (3/cm)x[-F B (cos 80.5°)/ 
+ [(15fcm)x(-15.3 JN)] = 0 



5.188F A k cm +5.426 F B k cm-230.0fc N cm=0 



5.188F A +5.426 F B =230.0N 



0.06627 F A +0.1650 F B =6.5N 



0.9978F A +0.9863 F B + F £>y =15.3N 



5.188F, +5.426 F B =230.0N 
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30 cm 



30 cm 



5 cm 



2 cm 




F s = 37.2 N 



26.8 N 



c1a\^\ :<*i-11.6 Jiill 



0.06627 0.1650 
0.9978 0.9863 
5.188 5.426 



0 

1 

0 







"6.5 






15.3 


l F *.y 




230.0 
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L_ii\jLa CjU jAj axil o jlA JLijLi 









"5.40 " 


X = 






37.2 








-26.8 



JjajJI Sic AjaaVl ojSII j ^Ijiil VLk« :i-jIj»JI (') 

0 iA uUUi! U .F £ v =-26.8Nj <F B =37.2N j F 4 =5.40NuLjj^ 

S U2VI ^ F £>> , U .F A JLk* <> \J£ j£\ F B JU~ J ^ (*) 

^^Jc. Sa'U J}3ja3I o j3 ^ IgiV ' J jix-a li&j .AjI AjII a\ 'l . jjal Lai (jji^lx-oJI 
Jj-aio ^ 2_kcL_b o j3 (jJtVl J^J oLaJ^I ^1 jill <Ljat s j3 j .^1 jill 

(jV (JiaiVl oL^jLi JjSjxll Ajc ^'jiil ^^Jc <JaC.LiJall oj£]l (J-aaj (jl ' ■ la-jj .^^jaII 



AjJO^ ^a^jl L£Li (jjI*J 7.6 JLlaJ) 

jlja AalLui a JJ» ■ JJjl LjLti.1 t5^^ cr* J ' * w o^j^^ J 2^"" ^J"'"' 

(^ic. L£UJ lilt Xajajj .^ii-aJL <Ii2j Aiikj ^U;', dlla. c(t— 12.6 JSLUI) jlj-iaj 

LaLuii.1 dlmjl LiiLiJI (jl £a j . ^JajoJL) j ■ adtj jjl L_LaJ Ljjj cLjxaj^ajJ Aij^)ia 

IfrLLiL ^ ' ala II (_J jSII (_pa«J f I ■ aSluit (jIaj 4jl V] 'La >aC AluiLa. 
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:12.6 JiAS 

\J^lL <u^j3 Sjjjli ([) 

^ 4il»_a L£U. 
o.lat*a 4\y > >ij 

.2 j 1 jjolaajll 



J£ uJlj (J-^J^I f I^Liia Ll^^I <j!c. (31*33 ts'^ ^ M UJ-^i 1 "y^ ; jjj' j*3l ^.^i jj 
Cj-12.6 J£A3I S'.jtJl j jj'Ua-, 5 ojjjlill jl^j Aik^ll l£U>JI ,J J!al3 12.6 

(' "'^ V'JJ.'^ £)H (^ -iajl J_)3I <Jajml _jj ialiill jj-a j/'^ .' (33*33 (jl Uiliil (j^-aJ *!il _jll 

(33*33 (_^i3l jl la 31 (_J j3joba ^ji X jj^ oJI *9jj c<ULl33l oL^3l Jj^ a33 i ■ la j-a3l oLaj^l (jaSlxi 
(j\3aLuia31 j . jl .laJI (_g jl > ii a ^ *i] ^- L ■ u - (JSjAj <j3a 31 ^ Xa33 j . (j^a jiU jl j^i jA j I LliLiJI AjIc 
cl^ jA Aj3aJI (jjj (jl (_>al j3alj .(jt3-aj3*a LaAj ' T 2 J Tj LaA Alj£3l j^J^i j (3?3*33l (jJJ 

?(3J*33I CJ ikii ^ ij ja3l (jt JjS3l tdii^j liU 

Ii3 tSjUuKi <3La. j Ai^lui I ■ aj LiA ia jialall t(3jLJI J3j-a3l ^ ^o33 La jl jC. ts ic : JaJI 

:(jLaj^*^ 4 33£3I j^^-a (Jj^ ^jj*3t ^ a j <_S j 5 ^ ^ a uS^ 



: x 
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(^xF,) + (F 2 xF 2 ) = 0 : f >fl 
-KAJ, -(r u F Uy \ +(r Xy F 2 ,A + ('2. A A =0 



LaA r 2 j r t j ' x i>L>iVI ^ £^ j-aJI g^'^ ^* r 2i j 1 * j ' J oL^VI 

.<La_jl»_a ^jJ3_ja1I ^Uujj CLlUSj-a ^xi3 xj aa. (jl . y oLsjV ^ £jJaj«ail ^cUui 

(jc i-iNfl U^ll j^xj tAjcJil CllUSj-o ^jic. (_J jjaj V ^jjll "UjLJI ClV^lx-all i^J p*' 1 — ^ 

^jSII 0 UjLj Aajj ^IxjjJI (jl j tJLkall jA (r ljy F liJC ) z J (^ -(7" 1>y F u ) z jl yj! .Ol jjiiall 

.3JLJ SjUiVI <jc La IjlAj 4 ^ jjawall <JLJI 



3JJ .lis OV^U-a (F 2 v j F 2 x j F 1>y j F u ) JjAl^a 4^5 J Jiatf 

Jjiaail ^ Ljl i <3 LgjL LpV-jLt-a Alt qa jj£I I j LaI a * J.JC. (jj^J (jjll <-a jialall 

4Will ^_a j ^(statically indeterminate) Lujlu. »JJa-s jjc J <(underspecified) 

Jalia ''I CLii jlx-a (Jl a»* mlj (_J jill L-lLmaJ AjalS CjLa jlx_a Ja. jj V j . liliil^Lall ^ 'i-lait-all 
I jlU . JJ^I jl (jJ JJXAxi (jjj Aiilc ( _ s ic (J j' aaJ3 i a ii^ II (JiLill (j-al ji. ;J '•"**.' Lllc. (J ajUt jj I 
(jSLal 4(JjALa-all J^x] LijLuia CllV-jlx-all JJfc ~ j i -»j C-lj^-J Cjl£ilj«JI dAA (jxi < _ s i^ La ( _ s Ac jpc. 

JjLuJI CjLujLut 6.6 

^LajoiaJI (_5jSll jl AjaJajmll (_J jill ' ■ UjuiJ Lj-La £J^i j 5-ajiala lS^^ (j' u^*^^ (^3^ 

' . ... .' . f 

I^j 2 — 3.6 aJjIx^JI (Jjaij ^jjja .4 «Jn> oJlLa (Jlajjl Ljj3 (JjijJ SjiLui-a <La jlala ia> .La^jK jl 

£F* = 0 (1-6.6) 

2JjLcJI Ljjk. Jjlki (Jja.1 Aj3 <-aJ .AluiUJI p Luia>Vl aJjIx^II sjlA U£3a t5.6 xjalall 
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Ji£ V .(static fluids) XiSLA Jj1>J1 J t A£jaiaJ1 jjc. JjI ^ L^J 1-6.6 

. jjaijj V AjV a£ jLi ^ ^jSLJ JjLJI 

P Aj3lj£ ijfiu-" (JjLlu (j^u-ia 6?£ j 6?_y j rfjC Ail j2>. Jljial (_£jLuij 1 ■ It's.o ,j jiajl 

2Jj£ Aj^uia. o AJlijll JijJj .A-ajliiall It's .nil t-il j^. JJaj .(I - 13.6 J's^ill) 

Z ol^iiU 1 — 6.6 aJjUlaII Sjija i ■ uSj .A_IaC.Lja S jii 1 ■ it's .nil (j^i A^. j (JS ia^jj . JjU 

ZF z =F p+ F g =0 (2-6.6) 

(jjl jJ .1.6 ^ialall ^ (jtjijx^i LaA j tAJl^ll a j5 ^ i<" j tAJaC-Ljall o ^ .F <j) dlja 
Ait '(JJg-?. j Aja SajoJl k» i (_j j3 JJjJ j .Ajllijll ajSlI £ oL^jVI ^ji 2 Ur.1 , ajj £ j£]| 

.He (JjLoill ( _ r kij^3 (jjj (JjU (_£l ™» (JjJalaj (j<"^»*Jj . ^ + Az J Z 

AhU^il JU^L, F p l-l^j .(c-j-13.6 Ji^l) aK uxUI ^ aMJI . jjLl&J 

^JiUll J jSi .4-2.6 

:^cjjj 2 _ 6.6 

P(z)dxdy -(P(z) + dP)dxdy -(dx dy dz )pg = 0 (3-6.6) 

(dx dy dz ) ^ j^Mjj 
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P(z) + dP 




x 
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P(z) P(z)+dP 

— , P£=0 (4-6.6) 

dz dz 

^ = -pg (5-6.6) 

dz 



iZ oLajVI ^lijjVI jA Z J ' Cy * " jk' 1 '^ ^^Jc. (_yla^ll kj i alt jA P jj < ; '<;^ 

5-6.6 ALU-all ^ag-all jtjtiill ^^a.] .(iaSa Jlka) aIaIII dlij jA g j cJjLJ ^ p j 

. (j£LuJI (JjLuJI AjJ^a all <-o jliiall (j^u-ia 2 £^ J- 4 ^ IxjtS Aij-a_aJ JJ*\' ' ^ (j' 

(_J j"unnll £iS j-all ^1 V tJaSa ^lijjIMl 4i^a JJ*JJ ■ (jl 4jLjia (JjlaJ (jJJJj 

g = 0 <jl 2 „ £_« aUj'VI tj jail ^3 jiajlj iAjoij <_ix£all (JxxiJ .^lijj!>U .laL*_all 

: (O-1 3. 6 JSJtfl) oUSTI li* ^ 

P(x)dydz- (P (x)+dP)dy dz - (dx dydz)p (0) = 0 (6-6.6) 

(dx dy dz ) f^Mj 

dP 

— = 0 (7-6.6) 

^jJaj-all (jc L-iajl (Jiiuia lii . A-iU (jl JjLa^i (Ji^ U^J • sL^jVI ^ ^ laajJall (jl 

• tf kail 5-6.6 ALU-all (_U£j p 4il!& JjLu ^fl (jVI jlail 

f P2 dP=-ps Pdz (8-6.6) 

P 2 -P 1 =-pg(z 2 -z 1 ) (9-6.6) 
AP=-pgAz (10-6.6) 



(jjht<nH <jjj (jjill l a iiauj . jSLuill JjLuJI jai^ jjLoiia (jjxi 2j \ (j^Ljbll Jiaj Cly 
.513511 (IuIjj JjUJI AiliS ^ j tUfjfrtiiJ £jj Jjill ^ ££lui Jilu ^fl cJJjiaii .Lie 

(jf -J (_g j"un«ll In nil jl Jaa>^ 

(10— 6.6 "U-lU^JI (j^ 0*1$^ l—ijUl ^ji j'" 1 all) JjLuill ^UjjI (jc LJlc. jj'" LllAaJJ 
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(y, j&\ A Jic. ■ all Ji .(14.6 J^ill) C j B j A cL£k*l\ LjjIc. JjLu 4jjU. ia. 

(jAi-a ^Sl jll (JjU (jjj jA (JjUll liAj -P^(Z B — Z ^ ) <_S J^i jl-iiaj 5 .lift laj » ^ill 
laj i all ^l^jj c4jjx«a 4 SaSJ (Jj3 (JjU ^lijjl jLpjl J • B J A (jjilaiill (jjj <a.LuuJI o.laj 
Ja. (J' aJ (JjLaC.1 Ja. (jLah (_>a jiJI (Jjiliil (j^aJ . S-Lall dlaj (j-a jxJI J (j!atj 3 lafljll lillj Aic 
laj i jj Clitj JJJJJ t " ll ■ .-il jC. s-lij ^ ■ ajib jl a jl! (JjLacI - 1 i -»«'' i al (jl V] .^IjiVl (j^i dllla 4 » ■ 1 
(j^Laill s-LJI Sail ■ a (ja ■ aJ C(_L>a 0.5 (Jj-aC- ''*""' • ^ j£jmll s-Lall laj ■ '— JkiJ 

. (jLuijVI - ■ "7- Ljja. ^ laj i a 78 (_5jLuy 

^UjjI Jc. lajjV C J A jnlnVill jJJ iaijJall J JutJ Aa.jJ V 4 14.6 Jiill J) J*JLi 
<3 (JjLjj (j^J-a Ajmij ^lijjVI (Jc (jillaij J (JjLjJI ^ laj i a (jl <_s-"4 . (JjLuill (j^u-a Aa.1 j 

10 (Jj-aC J) LuJalfc (jjS 1 * lie liLajma Jc. Aj jt <_£ill JaijJallj . (j^tjLiLa 1 g mij Ailj^ll 
Sjiaf. (jj-aC. CT^" ^ J* 4 uiflj laj ■ all jA cJULaJI (JjJjoi (Jc. t4il imll (_paja. ^I^SI 
.(j£UJI (JjLJI La i a J JJjIj "La jlaiall A^Ljiaj ^ajaJ (jjul j . i—ljlC. *La Sjja J jaljal 

^IjLsj .l^SjS (JjLJI ^UjjI ( _ s Jc -laJXJ La SJaij J (jSLuJI (JjLuill Ui *A ji ^ Aj^a!>LiJI 
^1 _jjl ^J-aa. (Ja.1 ^j-a Aa^ajua CljLa.tiiluiVI iJjLuill JJC j-aiuui j^i . n jLui-a A^ij 




z CjJik JjLu Ajj^ :14.6 JiuJI 

4 " -CjBjA Jalii dj^S l^i 



J^lilt j biS&ll ^ ^Lmll JJLuJI luuia Jja 8.6 Jli»2l 

(JjLuill (jjj (jt ^a.Lill (Ja.l£llj ' iu^ll (jjj (jSLyall (JjLuJI laj ■ a <— luiaJ :4jLut« 

(jl j (j£Lui (JjLuJI (jl (_pajj3l .iiiLla.1 (Jlc. ^ClljUjiaJI ^ j ^-^ ■* W (jjj <J="^! * ' M 

. 1 .056 g/ cm 3 ts ^ 

(Ja.Al (JjLoi 4-a!i (jjyl i(j£Luj (JjLuill (jl Jjj "Lajlaiall jA (_>aa Mill (jl Jl Ijiaj :JaJI 



588 



' JLoj j^jII 10-6.6 ^blx^l! JlaxU (jLaJ cAjjIj JjU jl Ijkjj 

:Ua. AP JaijJall JjS <jj£j jl (j^JJSJj -(15.6 J^l) 



AP=P 1 -P 2 =p^(z 2 -z 1 ) 



1.056 



g 



V 



cm J 



m 



9.81 



(5 ft -Oft) 

f 



0.305 m 



V 



ft 



100cm 



^ m ; 



1kg 
lOOOg 



760mmHg 



101300 



= 119mmHg 



cKl£]l 1 



ms 2 




J2LJI Jai^a jjj :15.6 JiiJI 



' ^3 Aiai^a Jc. Jjjjj 119 jl^-aJ JaASlI J (jSLJI JjLJI kiuJa Ajjj ilj] 

' SjUl .Ait Ala JJolj Jj£l <Ja.l£ll J (jSLuJI (JjLJI ki . ^ (jV J jSx^l I^A j 



V iljLLui La] llSj jl j " ■ *ti Jc. (Jaklill j 1 iuHl -lie jjUi , ^\l Jjjj Aallxj V 
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uJ laj i iall LjjS JJjJ ( _ s ^l <aJaj all A^Luiaj i X — y (_£ jioiall £jJaj-a]l Jjilij laa i jail 

iaja al JJJ^j V CllljLxj .4j£Luill (Jjl_ajaJI ' a ■ <aJ (^^jll Cj^jla-all ^ji A la ■ '— J a 



(jj-a^ll lie (jlkJI ^» ■ all Lai . (j£LJI JjLJI JaijJa ^ ^1 lij.li jl^l «l jjj) j-^ uJ 

.(jj-ajallj - 1 aa II jU«jI ^^Jcj aa uill (jjj ^j^t ''""'V" 

OJJJjU (J\ (jSLJI JjUJI JaLJa <je A^lill 9 jill 9.6 JLwll 

S^jj^aLi. jj| JLaALj .(16.6 (J^joJI) «.LalL) jjjjjlla^i S J R (jilljLi. ^gk Jialj :4jLuW 
.(j£LJI JjLuJI iai^a (jc. 4-a^.ljll SjcLllI ^ ojjjaII o jail I— baiaj t y ^lajjVI jjc- R 4jjLaJI 
AjL^a (_JjLjjj AjjLa. (J£ ^jJ^I ^ ia» ■ all (jl (_gl ' (J*g a (JjLuJI (jj3 tlj^JI a» ■ jl (j^ajjsl 

JLaxloiLi j^j tljJ .(x+y) aHjjLJI ,> J$ ^ (^lill JjU ^-liijl ^jluy :JaJI 

• I i ai Ajaiij jA Lpjcli j Ajjla. JS t5 icl (jJJ ^» > all jjxj jl 1 0 — 6.6 AjjU-aJI 

AP = pg (x +y) 

jjc. Saa ■ all jV I ■ -** j jLjjLmia (jiiijLaJI <_gj.JC.lii jjc jUaju-allj .«.Lall 4ilj£ ^^Ja p (jl ' - Ua 

ll^ita (_£jLuij La^ia (J£ ( _ s Jcl 




x + y 



h 



A = s jclill 2^.1^ _| I ^ = SJCa ' 

R SjjUII S AjjUJI 

^Ijjj 5j*LjLaJI j^JJjLula jjJJjLl. 
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A ^Lill Fp'ijfiW (jl ^tjHuVI 1 jj£ aJ i (jljjjLoU-a (jjjjjLiJI (_gj.lc.lii (jl Jl I jiajj 

:j_jjLu£jj 1 ^ . aaj AjjL^ (J£ o^c-li Sjjj-all (j£LuJI (JjUI la» ■ — (jc 

^P =A/5 base =A P^(^+) ; ) 



j^ij j i ijljjjljaiLa (jijjjLiJI J.je.la ^^ic. (j£Luill (JjLuJI Lij ■ — (jc. (jllA^lill (jtj jM 4 til 

Lttfrid jj£I S ^JJ^JI jjj *La]l j»L«J! ;J""-^ A ' «aSI "'' a aJAj (J jl Ajsjjjll aiA 

J-a^J clajl (j^i Jil <La£ IgjS (_-j]l R AjjUJI Ifrjlc. ^Ja jj ^1 4jjUa]l (jl il . R 4jjUJI 

(Jil AjjUall aLlsj ^jjlll R AjjLaJI (jjj (jl ' SjS (jLiJ lUIjjI (jj jjj (jjjlii (JLa*iuil Uj^aJ 

Ajl^ll s jill (jj^j (jl ■ j • (jljjjLoila l a^jj id a .ijc ■ '—II ^ ja (jil < S 'SjjL^I (jjj 

^Ixj (j^jj .^J jUall sL^j AjjLaJI l#J-JJJ ( _ s j1I ajsll £-a Ajjl jia AjjLaJI al^j "UjUall I^J-iJJ ^jjll 
(_jJc lai ■ —II o j3 (jl Ui-«,M" J3j .Igjjj (_5jLuij (jl "LijLaJI 1&J.JJJ ^jjll 4j\<W a jail (jl I ■ aj 

^j"?- a (jj^J ' " Ua J AjaLiJal a jii 4-aJ (jj£j (jl U3J 111 . s-Lall (jjj (j-o JJ^I R S-JjLiJI e-jctii 
La» i —II < ajjuiLia Alajjj^i (_gAj 4jjIj*JI (jlj-li. JJC ajill aj>A JJjJ •(jj_5^ \jjUji-a (jjjjill 
^ jjJa j-o l*-o (jjjjill (JxC Lai .a-lclil! (j^i ^lijjl LS \c »j - aLaJl Aic J _aa. j-a]l 

.18.6 <lUall 

Sj^lubJl AJjjjuail ^aJalil 7.6 

j3 Ljj3 JJjJ V j tA^i jJalall J jii. JJC ^juia (_5^La (Jlaijl LjjS J^jJ V A^i jJala ^3 ^>lajl 
ejlc. (J<it j uh"i ""'Ij^— • "II a^J lis jj Ljj3 ^£1 jjj Vj <ljj»-a <-ajiala]l ai* .Aj^jli. 

ijl 8 _ 3.6 <l^U-a]l Jjlij CLya. c<-a jjalaB AjLISjII Aiu^W 

0 = P t sys -Po ys (1-7.6) 
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Ajjlgjj^/I 4 iaaJ3l <Lo jjalall ( _ J JaiJI ^ijll (-5 tajiiluiail AJLiJI Cjli 4 -j^'-ll ,j 

^jJI t L^i a jinn J SjUt J Jl oLnj^l M=SJ -M^' 2 ^ Ul ^ g-Kll tf I I 

jjiillj ^laSJI liA J ajSLoLall Clli 2 ^ Jjj UU 11 ^Oft ' .A^jiiial] ^-Kll 

SjiluiAll 4_o jJalall J eJja. j^ill CllUj's^lli c6.6j 5.6 (jjxlaia]! J i lljuaS ^11 4aj jSjjJI 
<jja. ^ t<-ajiiiall QA^a (>a*J Jl Ajj^jllj LjaaJ lil J^JJ jl (j£«J j xJaLJI IjlA 

^)J*J j . (Jj! _ojoi3I j ^ J i "1 a II ^1 in-^VI IfrLajJa (j^i j tojilui«]l "ULaJI dsl j 4jj jSjJI ^iaill J liSj^JJ 

. 4_a jiaiall (j"> a J j-a]l ^^jll (jC- ^ -^Jl 4-oj3 

(jl « -j ^^jq"^.>^ a ^jlv^ll j1jjc.| ^ U-i~^ 2 fl^Jaiall £jJaj (jl£ a] (j£-<sjj 

(jl jA 'ijiLai-a]l JJC. jiaiall j o^aiuiall 'LojiilaJI (jjj (jjjall (jli ' (_jji£lx-a (Jx3 (Jx3 (J£l 

Sjjj-oll Aj^jliJI (_JjSll (jl j t"La jialall .Jj-li. £yu LiK (j^iLaxj (Jx3 -ijj ^ilxS jj * ■ aJJ JjVI 
Sj£luia3l "Lajliiall ^ j ^1 J J^_£ ^ t^' .4jjljl« 4_« jialall J 

4 ]\-,\\\ J JaiJI j»^j^l (jl (Jc- (_>ojj (jil I g uiflj ejljxll Jc. JJJ»JI (j£-°J 

(j^U .(^jjjjjll .4j'K^ti Ajjl^ljVI 2 S^aJII ^ jiilall ^i]| dJIj (^jLuy AjjIjjjVI 

L^S AjjLula SjIj B putyW jjjj (jl (-a j tB ja,T f*a SjIj A jwu^ jj! I j| IiIiUjII jj jjj 
(jjSj (jl <jjJ ji » (_sSf Jj^"u nfiW (jAj .A - ■ »a ti sLauVLj Lg-S A.ui£U.«j JUx»JIj 

AjLkUl (_j jill ,x-i-a^. ^ (j! (^ixj 11a -^IjJI ^ L»jIj {S Jti>\ l-^jj J*^ J J * ^ 

(jj£j 111 .(j-ajl ^^jll ^y*-j (J^«-o L^jLj ojill (j^-aJ 4jl • I jkx*a (_JjLoy 4-ojiala]l 

^-a --^ i liLq liftj .lajlj 4-a_jlilal] ^^gJSJl j*^^ UJ^J 'l^)^- 3 4-a_jJaia3l i all (jfijuLall 

.1-7.6 aJjUJI 

^KjV.nB jL^uil 10.6 JUaII 

4j| iijiil ^ill i (epinephrine) giji'u:)fl u] <^ '^'""V ^ :AJLuLa 

AjjJI Sl£Li_<i (J^l (j^i j . l^AiiLaJ (j^a^)ij . (_s^l ^jotaJI ^j"' ' "'^„'°' (jLuadll (j-o Ai jj 
^1" (JjLuij (ji^u ^j-^ a !iLij t^JI ^ ^^jll j_gj±J)I\ ' " '1 ijJ j^)JI (jt l^J_)c.j i llLa-}L all ^j»j<Uti 
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(J£ Mill ^^i (jjjiiixJI ^jjjc^uillj (jjALaJiVLj (J jla all ( jt±a_iij_a (jiajj . (jj ^LiiuV I ( _ 5 it 
(jji^jaj-all ^j^t (j^ tlj^jiLa ^jAJa-jflj all liluiLaJ (_^aj_)^j (jjjiiiuYI ^ Wi.nl |jj .l — 17.6 
(JUi« jA La clx^i J; ■ ajlj ' (jl tJ-^J^Uj .fi.ll.la. 5x.^uij b«_a (jl ^j/"' ailall 

.Lal^C. 22 A^jiLa JS (jjj (_£ jUu ."Ulijll s-Lall <Ui jlLa (J-aAl ?oAiAiJI Ac^joJI oLajl j 



/ V 

• ^=8.5mm/s 

i • i 

\ v A = 10 mm/s « ' 

L. 1 



\ 1 *■ X 1 

jUUj^l :i-17.6 JiA» 



:JaJI 
^j^y • 1 

/jj'S, ^.M-ll Qjoa-lij all <c.jjoi oU»jl j JLWa I -lm^.1 (!) 
La^jl ^| < (jjaaoij all ^-a <La jlalall I 17.6 (jjKiill jiajl * UUA. ^11 (t_j) 

.Uj j^a. jl jU>J V 

JJ^.2 

rcA^ja (I) 

.4la$_a <_£ jifyl 4ja.jUJ jSllj iill£la.Vlj c-Lall 4_a jlia j JjfclLo • 

.UK 

La^a^L aJ JjS (jUaajj all Aj3 ,1a. jj (^jlll jja II <La jlaiall • 



593 



jll j jj-a_)ll j Cllljjillall 
- ^ i La Jl jjAi f JjUIj ' - 't ■ Jj5 La ^1 jiij 0 JjI^II • 

•pg 'degrees imm :<J-»jJ • 




\ 

\ 

\ 

\ 
\ 

i 



/ 

/ 

/ 

/ 



L, / 

^Lpll 0 1>^I : V -17.6 JiJkfl 
. j» jl i .-Tilt j«j Jjn-s jq.r->l 



jLua. .3 



(Jj3 :jjaLail<i j/'k^l A-a _jiiioJI gjJlau LuV 6~3.6 ALU-all Lljii.1 :Cj^.iU^1I (I) 
(_|La 4-a jlalall ojjj^i Aj^.jLi. (_J j3 4-aJ ilb-ul 4jl (j^ajjij j .1 ijaj --VI -^Hj 

<Ujj»_a 4 (jj^ ^ .LjaJ 4-a jialall J jii. ^ laa 11 ^jll JJ*J ."Uliill 

:(1 _ 7.6 AliU-all) ajfuna aJU. ^ij 

J _a^j Jl \ j^alj I j*f.j,,.i 1 frilj£ L_l^)j-ia (_L-aU». ^ iaa II <Laj!ai-a]l j»^J) (^jUuJj 
QilJaa III ^ ' " ll aJj ak II ^j-aaJ SjjUll AjlaiJI ^J>ll £_ A "> ' . 'o-^*J-a ' " ll ■aJj A 

IAjjUjjVI j 4jjI.£jYI 

o = S m f v "*f ys -S m o v T 

^ l-i-tll l(j «l*> j (_5jLjjj ^IJjjVI ^ U-^ll 4-a_aIaia]l (jl ^jJc <UjU-all aJA (J-aJJ 
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-mm 

s 

v B 0 = (-8.5 (cos 36° )i -8.5 (sin 36°) j)^— 

s 

0 = m lot V x ,f-( m A V A x , Q + m B V B x , Q ) 

-(22pg) 



0 = (44pg)v xf -(22pg) 10 — 



„ „ mm . 
-8.5cos36 :x 



. , mm 
v x , t =1-6 



0 = m to, V v ,f - ( m A V Ay ,0 + m * V By ,()) = "V V , ,f " M B V By ,0 

_ _ . „ ,„ mm^ 
-8.5 sin 36 



V s J 



y 



0 = (44pg)v, if -(22pg) 
mm 

v f =-2.5 

s 

.4 

■v { =(1.6/ -2.5 j) mm/sLSjL-u j/ia.^Hl jiia-jaLJI S^ju :s-sljaJI (i) 
(^ill t*S|j j> j&\ A A^jV.^iB ^j] x ajSj-JI JLko jV JjS« oUjVI ijaa^ll 

(perfectly plastic UUi ^j13I ^jLusjII ^1 c^j^ll jjc. ^L^iU ^1 j 

jljjal£ (y j jc ojaUj^I ^i) (^iaiJI ^jll iili=Jl <> jUill jljhUJIj .collision) 

' " ^ */' "V M * ^ ' - ^ ■ — *^ Julj o/'"' aSLtll (jjiajiUl A jj£ j^_)-<i <c-^m L-lLmaJ 

oi& - ^ i adll -i*J 4j (jJ i al II AaIajIj 4jC._>jjj ^JJ"^ ■ (JJ II (j^i JS1 (jlS cU^a 

2JjIx-<i (jjflaj ' U^-" l).'"/'"?-^ u^H^^' u^j^l cr^' ^ULaJI 
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.C^AjcA\ J^C. (JjSJ JjaK .nlt lie ll laJiil Aija^a CjV^L*-o <Lo jlaio ^ ^ f^j^l ^t °^ it 

- ll , ^-'\\\ ^xj Lo^aL^jIj (jxaJj "-^ it ^ZiCjui (_lLuiaJ AjsL-bj CllY^lx-o jl CjLa _jlx^i jJ^tj J ^ 

j .AJLoi-all (Ja> ^^Jc o-icLoiai] dliL>l*JI (j-o lilj-o o-ilc (jULlsLA jSjJ c<jj-a]l "LojlaioJI ^ 

A-o jkiJ <£j=JI AiUJI ' (perfectly elastic collision) tabu <jj*It ^jLaUI 

.4j£j^JI SjjUa]l alia it Ullc tljjjill 4-ialaJ AJLiJI o^A ^j-ajoij j .AjjIj (jj a it ■ <aJ a a ; i ok 
' jjjatjJI IjlA - V Ljjl V] iAjjlj (jj^J (jl (j^J jlaia ^ 4j£^aJI AiUall (jl jyai ■ a 

E K =^mv 2 (2-7.6) 

lfc)3 -li.jJ V o jSiuia jjaia (j-a^a LoLoj Ij^a - it ■ --"'II (jjSj ^^jll AjuaLaJt "ULaJI 

:2jjl^jjVt AjSjsJI l^iaLkl ajjLu-o 
0 = (3-7.6) 

asuji ej s 0 j ^iit ^ jjiioii a^i^vi ysa j»j mil ^ £^. ys f ^ 

j <Ujl*-oJ - g i JJ <Lojiaioi] AjjlgjjVlj JiijVt (jj"£ it (jiiiiUall ol jLolo (jU Ijl] j tlgj oLajl 

.LoLaj (j^>a]l - ll ■ aa3l dlli <Lo jJaloJI (Ja. ,j SaSa 

jaj ^ _jj Jl I $j3t L ja I ■ » J "LajL^alaJI ^Luia.Sn (Jj^"' LoJUC ■ (jl 

dl y^a j\ .ijlr-ljl (jja. jl 4aLuia.Vl ijt S ujl o^jjoUJ 1 a i'"*- (J' aaj Lo jl jC- ^^ic. tAlliall (ja 

jljJjVI (_J^Ls«-o <■* a il ■ aiLoIt aLui^Vl Ajjj-o ' a ■ aj AS^ilc. JLaaiuil (j^oj 1*'^ -t-J-ia 

jlijVI J-la-o .aJLuuJI JaJ <^ ja-l <1jL«-o ,^^3 jl c(coefficient of restitution e) 

o'l$l <jj3lia (^it ^!Ha!iU -I ll Nfl l^aatJ alau ^Lu^Vl ^1 ^jiaaJI (_f jilt 

Bedford and Fowler's Engineering ja Ia^.1 j t 4£j=Jlj ciLiij^JI l-±& ^-Ij a£1*JI 
aajjAi jIjjjVI J-oU-o (jc jjj*j1I (jlaj .Mechanics: Statics and Dynamics (2002) 

^aJj (Jj3 (jiajjiiJI ^yji ^J&jk 

c _ V separation (4-7.6) 
^ approach 
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JJ uP&jJ 6 J % proach j 'f^^ll ^ a^j^l aw tij^ v separation j) 

- J ■ <ai3l 

(!>lAa Igj^La) 3 ^ ^ . aj all ^Luia.Vl (J-al J^- <_ s ic XaitJ 'oJllc 2 « j^'H < g 4 ,n ;5 JAaj 

cLaLaJ j-illl - ^ ■ ao31 AJla. ^a ja. — N (jjj £ ^jj ^ij c tllliuJajll -k» a j .I^jIaL^jIj Igjlcjjoi 
. jjLa$-a AjSjjsJ AaUall ^1 u^i j t*Jl£ja*YI IjJi jj^J ^1 L«LaJ jj*JI - ^ ■ aj3l ASLa. ^ .laj jll j 

s-ljjja]! t_>ujj^ j-a J^jj . CjLul.la.^/1 "LajJala CIiIaL^jI jljjjVI (JJjl* A_aja -Is-iau ' . '^-J 

ClllislauVI Ac. jLuij JJ*-i jl Aa.1 j olaul (AjC jjoi "^a j) - ■ aa II ^ jLoij JJJ«J jl 

(j] J oUj^I ^ AjCjjoi jli 4 JC oUjVI ^ ^joiaJI ( _ J Ic Aja.jla. e ji CialL lit ^1 .<_£ja>Vl 

dAiil.ia.yi CiIaL^jI ^ lilij jc a jSj ■ u * (jjx-o ol=>jl ^ji ^jLuilll ^ (_$jal\ JjclLaa < 

.Jaaa .laJ j oLajl ^ tlAc^jjJI jjj \; jJa. 

(_jj£j-a]| - J ■ ao3l ' a ■ aj]| j^i (jjjilia-a jjjlla. l_Aj£JI IjlA ^ jljjj^l (J-ala-a J «»"u n j 

c(direct central impact) >uiUaJI ^JSj^l aJtuajJI .JjLJI ^ fOL-aSll j j^UJI 

(Jla Jla.lj olajl (_jl) ^jSluia Jaat ( _ s Jc \ . ^-iir 1 {ja Bj A (jjaj. All ( _gjlja I j^J-a L-SjlajJ 

^ iijVI Jala-a ^ k»Jj .(18.6 JLill) ^oL-aj]| JbtJ Axaij kaJI ^^Jc jlijjiij (.£ olaoVI 

:_j j^UJI ^ jSjJI - al ■ a^ll aJU. 

V B,f _V A,f , c n s\ 

e= (a-5-7.6) 

v a,o- v b,o 

t adll Jlxj A */■ "V II Ac_>jjj jJk V a f J ' * ^ ' B "7- II Ac._)jaj ^^Js V B f (jl 

.^jL^jjII ,Jja A ak II V A q J tj>jL-aiiJI B ^-ij'i A II Ac._>jaj V B Q J 

c(oblique central impact) JjL»2I ^JSj-»2I ^jUajll ^^L^ill j> ^^1 ^ 

AjLij liA JjU'ti j .(19.6 J^nilt) La^jAUul Jjj AjjIj Jj=>.jJ Bj A jl -j' - llu aj 

^^clxjjj j^i laSa o^awl j Aj£j^i ( _ s it j j iaJ Ajl VJ ' Jjoilfall ^Sj£j-a]l - ^ ■ aiiil Alia. ^ (Jjlao3l 
jl Jiij licJj .V B 0 J V A 0 jJJC jj^ij jUjlSL jj^LraJI C5 jilS jS j-a jl (j^a jpal .At jjJI 
(J-axj j 1 "g/ 1 ^ L5 j^^)-" ' A aJlj - J i adll ■» laaj ^a j^lVI olau La^j-a JS <_s^l » J*M 

jjoj'iAll Ucjajij ' Z J J j^W-^! (_J jS A-aii jj^j V .^Vn-s .ia5a X Jja-all oljlj^j 
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e = 



(b-5-7.6) 



V At- 0-5 'f^^^ X oUjVI ^ B f /■ All Atjjo. ^ V Bl g j Cfi-L-ajll .jxj Jt oI^jVI 

- V tJjLal! - il > adll ^ - il i -*H Jjii X sLsjVI A "V II Ac-jjoi 



Wa,o 



Wr 0 



F 



F 




V A .f 



f jL^UI JjS (i) 



ill ^ (u) 



. F Ls & i aojl s-USI Liii j^jj]! Sjall .B j A (jj 11 (jjj ^jjIao (_jjS^a ^jL^ij :18.6 (Ji*iJI 




i^jjKjgJI J.I. n« .B j A oj II (Jjj JjI- 0 lS j^_>° ^-"-^2 ^19.6 (Ji*l2l 

Bedford A an Fowler W, Engineering Mechanics: Statics and Dynamics. Upper 
Saddle River, NJ: Prentice Hall, 2002. 
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SjjaJ ? Aua 11.6 Jli»II 

.'il jgJI jjl j (Jj3j3a all jjj^.ljjl CllLaLojAl __>j£I (j^i oi jiJlj (__>jjI Ajl <i-s jm'i 

. a U i ,-.1 c<^.l jJI ( _ s Jt dljl j liljjl jj dl^aa 1 aija liljj i 1u£ liljl liLtJI L (jjuia. (j-oj 
cLalaJ <jjjll ^ Si jaj Cluj V .(t— 20.6 (jLill) Ajjlfill ,J I Ji* 6.3 (J^J^W <^J 

jxi oi_jiJI - 1 1 aj Vjl .-la jioJI jj^ uaflia (jLal .llaj^al aa J i "'j-- J a-aj -** (Jj 

(jl j 5 iSj^-^ liuitj 3 !j£ (jl (j^ajilal (jxal iJaj I .ixj liluiljj lifciji. ^Xju i 

(jjj ^l.iVi.^VI aJU. 0.82 c5 jLy jI-SjVI J«U-a j!j iLljc. 330 ^jl^ SijaJI 3JjS 

2Jij]| (Jjclia (jl (j^Jlalj .((jiiljll (jit ^'^11 oUaj 

.Aia^o iiSl£la.VI j s-ljgJI A-o jlla j 

:oLiJal jjiVI l-i^c. qzjzJij >j S- 1 20.6 ^j^il^jill) (JjIqjIVm :<JaJI 

AlLi. (jtj-o jlalall • 
.Aj3^)]I (J*3 oJj (Jl« Aj^jli. (_5 j3 (jiLajlilall ^ JJJ^ V • 
. y oLajVI (ji J' aaJj jljGj'VI Cj!>L<iIx-<i jjjS j (djlc. jjuJI ^l) CIjISjsJI ^J-a^. • 
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.,_>j jJIj si jill :2 jtiJI :^-20.6 JiAll -o^jVlj Si jill : 1 ^ jliiall :^-20.6 JiAD 

t^hl-i.^VI Jj3 Lai 0 JAllI j-ojJj -onljii D Jj (>3>>U G Jj Sijill // J j-ajj 

.^|.lk^aYI Axj Lai f j 

eijil! jjj J^iu-aVI t gj^a£lmj 4<_J-26.6 (J*S ■ nil ^3 <jjfall A^ijkiall aIU. ,J :1 <Lajlai4j| 
IgJJJ a-5— 7.6 jljJjVI J-aU- <ljl*^ JLaxioL .V G 0 =V G f =0 jl (jiajiijj i^jVlj 



= 0.82 


_v H ,i-v G ,f _ 












V G, 0 ~ V H,0 








' mY 
-6.3— 

V s )_ 




= 0.82 


0- 


= 5.2 



.<_±^ jail J oUjVI ^ AjjLMI ^3 I Jla 5.2 J jVl filing I Jxj Sjl jill <C jjj (jj£j lij 

j»ij J.;*"^' t^aljll .^ii^l lalia ''I l,^<a (jj^ij AjjIj O^jVI (J^J^ J^H 

Lj-aij JJ«J (J*-?J 'J^^ (J^jVI (jl VI .oijill f^-j ^3 (Jj-aLaJI JJ«jll jal (_K>jVI 
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SijaJ (> AjjSJI ^jlaij Jkj tCj-20.6 Jiill (^fl jJfall flllv^Vl :2 ^jlalall 

Jj3 (jjil jll Acjjjj -(y H 0 =5.2m/s AtjjoU (jiajVl 0° ' is "£ W^j CS') CK'J^ lg-<sl.lkj-al 

2 A-o jikiJI (jJc. a-5-7.6 iijVI <taU^ JnWn .(v* D 0 = 6.3m/s ^cj^ 
e =0.17 = 



v 0 ,o-v H ,„ _6.3--5.2- 
s s 

-2.0— =v flif -v Djf 
s 

(jV 1 1 — 7.6 <tal~al! ~;' a— j— ■— — — il <JjL~o !— uju ' j/'^J 1 "^ l_i__Jj 

o=pr-Po ys 

0 = m„ v H jf + m D v D jf - (m H v H 0 + m D v D 0 ) 
0 = (0.330kg)(v flif ) + (5kg) (v D4 ) - 

f Y_rm^ Y ,.rm^ 



(0.330kg) 5.2j- +(5kg) 

^ s J 



-6.3/ — 

V s ) ) 



-29.8 / = (0.330kg) (v H f ) + (5 kg) (v D f ) 
s 



_29.8/^^ = (0.330kg) (v D f -2.0/-) + (5 kg) (v D f ) 
s s 

AAn rks-m „^rk2m 
-29.8 j — — + 0.66 j — — 

,r _ S S - - •' m 



= -5.5 j 

(5 kg+0.330 kg) s 

v // f =v d f -2.0 j — = -5.5 j 2.0 j — = -7.5 j — 

s s s s 
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oi_jiJI A^jjj cAjjlfill Ijj-a 5.5 Ac^yjLi t_>^jVI j^-i c'ii_jiJlj (_jj^)]l al IJaj^al ^xj 

t-J^jj^al ^^Ic ojji. A^ij _aJ .<Lijlj]l ,J Ijla 7.5 Ac^)joij (J^J*^ J 3 "^ 

I j| .(_pajVl jiJI IgJ v a ^jill A£._)ijill (_jAj cS-ijljll ,j Ija-a 6.26 <_$ jLjiJ <C.^>jjij (_>^»jVI 
^jic. al-lla^M! (Jjxi-o ^ jjj .^jSjll pljjl (jjil jll ^ <La.l^a]l J jxLa (JjliJ ^ ojjiJI 

<La jjaUl jJfr 4l& J-a SjVu nrtlt 8.6 

(jLouVI ^'"7* (j " ' <3lJJ (^jjll a]aj3l 1.1a. 4j«jLi 2 -vjlV^ll Jj.la. ^>Jt 4 <£^)a. (jl 

iillj ' °t i aj .IgijUaj el.ll ^^Ic. a i jl pi i iacl oIC-Luia] <-a-aj-a^i]l Ajjja II AjjJall till jjg-ajll j 
.4ia ^ jijj jLj^JI sjLall IfcjS j_33Jjj L_a j^ia ^ Ullc. (Jijolj AjjjaJI AaJlai a3l Clll jjg^j (jl 
Jpo . Ig-La £ ji. jl <La jjaiail j _ J Jl aAj Jllil 4 Jjtui JjSJjj 3 ajjaltJI J jia. 4jj£ CjjU^I Lal£ j 

(Jia sJic.Llu-<i Sill jjC jl 1 ■ llall jic alll iJ^uji A Sal ui jJ J'" 1 '..' <_s^l (xiaill 4JLal 

jja. U jllij j! kjijhlaW (JaAl (j! Laj ai jll (J^J • J^jVI (j^=4^ e^cLoi-i jl^a. 
2£j^J Ajli^aii <Liiilla ts Jc. ^^iUaMl 3 J' eaall t^'j " A "J^'i/^l JjAa. <Sj£3I (j* <jJ*-a jIlLa 

.<La jlaiall J j.la. jlC Ai£]| 

C(jja_o (Jlx-aJ <LajJaiaJI JjAa. ^)J*J ^^l (tllljliJI jl £jI_oa]I) (Jjl_ajoi]l Clllj aiajjl <ULa. ^ j 
oJjl jll 3-3.6 ALU-J .<-ajXa]l ^ <l ^jll JaliaJl Aj^Lx-a] AjLaUill <ijj^a]| 

jiJI j Ji.JI iIjIjIjj oJ^LLa jlala i 1 aJ ^^j]! 3.6 ^ialall ^ 

Vm,v,. -Vm.v, +yp = ^- (1-8.6) 
Xm,v,.-X^v.+X^ = 0 (2-8.6) 

(JjbLAJ (j^-i" (JjLui (J£ mi ^jic. Ia jjlij jl <Lo jlalall Ai£ (Ji.Jj 1 a >'"*■ LJlc. Aj^l*-a]l ojlA j^udt aJ 
(JaJj La LJltj .(J^^ila jl^La (J£ 1* ^^it lAjjlxJ jl Am jialaJI (J^.JJ (jl I ■ '— J j»^J>^ U^^J 
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ai. jll Jaliajl ALU-al AjLISjII 3tj, all |jj .4jja-o 4£- juij U jjUu jl Xa jlaiall Aiill 

jU5 J jjjjjll *ejS - 1 ■ aJ 1 alia t^!L» .4_a jJaiall Jl (JaJ.ill jxi. jll L-lLmaJ 4_a£ila Jaill 
.l^JalSjll (jja. jliall "La^jlaia <J *g ' ""'J j/'""* * a1j£ a-ijljll ojill iillLaJ 4 (J^jj jull 

(j^ij . (JjLuj (j^ajJa 4 Ij a La^pUuj 4 a^ttiaiall (J^.Jj (jl 4 Sj£1I (j^i Ajtiaiia ^pliLal Luajl (j£-ajj 
jaJ sjli. qa -j i aa ^ jjjj 1 a i'"*- (J' aaj l£^H ojaiJlj ^l.lin'i^fl (_£ j;^ 11 J a all J lillj 4 B -'I 
(JjajLUj .oAjoijj (_£j^.JI tic. jll (j^i ^i.1 s- js. Jl tJj-aJ Ja. ^^11 jLjJ (jai^i V _jAa_a JJ-^JJ 
4 ij» * <c._)jaij (<La jjaiall) (_£ j^JI eltjll (j-a __)a.l « ja. JJ !iLa.l.} oj!iaJI qa ^ jllall - j' aa II 

.4-ajlalall ^-j J ^(j "Oj 

Ji^ll Clljlij eJJaio 4-a jlaia J 6 _ 3.6 JaaJI j^jll ialiail ALU-al AjLI£j11 3t u all 

:^jaJlj 

Xm ( v ( . -2>,v, + r =/5 t sys -Po ys (5-8.6) 

Xm, v, -J> .v ) + f '' =0 (6-8.6) 

7 

xJaiLo jl^La (J£ in Jc. "Lajlaiall J jAa. aJlSA\ __>J*J I alia Ullc- aJ^UlaII oik (J at" i n'l 

P J ' '^-3 A ^ a^aJaLall ^5 tjl ^^-J^O^^I Cy* _J.i^ ^ (j^ A }J 

(_jill Aj^lx-all ( _ s i ■ JJ (jl (j^aJ c^Jl^ll (_J_j3 lg-la j t<xaj-ja W (_j jail j < iaa i all (_J j3 I » La j 

(j^aj Ajjl j^ll o jill ( _ s -«j-uJ (_?^>^l • tAla^lall (Jjl jxA\ SJLa. Jj .Aj^jliJI (_J jail (jc - )J3tJ 

.A^a jjSj jl 

^11 (ja o JJ Aa.Ls. -Laj 'A i ala (_^-a ^"i~> ^^-.1 jl (_1 _aiil ^)JC. (JjLu: (jS^JJ 1 alia 

Sjil! ajlA (.j- 4 ^ I gj* (jSJiall (JjLluII ^-a 4_a jlalall tj^aj ^Aj^ilall jl L_l ji^l AiaLaJI ojLall (_jl^ 

L_iaj c<aUj! ^ (jaiLa (JjLa jlij lair*. j .(resultant force) i 7 ^ <jjl>»il SjM URi 
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SjUl JJJJU j.Ajjlj^ill aj£]l I i iaJl ^jiJIj (Ja>,lll (jjj (JjLuJI Jail ■ a JJ«J - 3 ■ -J jjl 1 * iajl 

j-a (jajj (j^u-^jj ^^ill - gill (jLuuaJI ^2 j^JI (_£ jail ojlc. 4a1s. 4-aJ 

vl)/'."* "'^ is^- cs-"Lijll (j^i (JJJJjll JJC- l^iVI , ull iajjAj 4 ■ '— '-i- jail 




Jl ^ :21.6 Jiill 



AjtJaLa A^.Lui-a Lijfjl V j 4aC jjoi (JjLui (Ji.A) ''^ '21.6 (JSjjoII ^ U ^ (J-atj 

A^Loba (_£jLoij ^5-^' ^^J^ 1 * V 2 L? jL^J <C.jjoij ^jijj iAj(_£jLuU (J^AaJI Ait ^Lua jxll 

Fp (JjLuJI la» i 'a a jii I^jjjjS 4_aJ (jl la j iAJliill (JjC-lLa (JLaAlj . A 2 tj-^-Ja jail AjJaLa 

x oUjVI ^ 2-8.6 JjiaJ ^ 'P 2 j ^ LaA 

™i v u - m 2 (^ Xx ) + X (F, +F S J = 0 (7-8.6) 

jlaiall (j-a ^ jLkll ^ahLill H ^Lxjill l_ijxjj 4 _F p S jSII l_i^a jl 5 — 2.6 <ljlx-aJI J *iim . oj . n 
5 _ 2.6 Aj^lx-aJI ^3 (jiaJjajlLi .^J=JI J (Ja^l lSJ^JJ t> ^ X Jj^-ail I j\l , nil aLajtfl ^ 

XF P =-P 1 (-OA 1 -P 2 (-r)A 2 (8-8.6) 

SjS (jc. j AjC- _jlSI aJj£1I jJSJj Jix-a (jc- (_pajj«j]l 1 ij£ aJ cAlilj p (JjLoJI (jl (j^aljjaLi 

lAijl j-all a jail t ■ ll ua Lui i a]| 
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+ ™2 V 2, X + P l A l + P 2 A 2+ F R,, =0 

P A l vf + pA 2 v 2 2 +P l A l +P 2 A 2 +F Rx =0 
Fr,, =-pA l vf-pA 2 v 2 2 -P l A l -P 2 A 2 



(9-8.6) 
(10-8.6) 
(11-8.6) 



(ji Jaa.V .Ajl£-a J ^ i-s all (-JjfiVl (jlj^?- Jc IfrLllaJ L_La_s ^jll e jail ^ 1 

LS* CJJ^ J? - J (J! '_>^J '^jj J" 4 ^ SjSSI sI^jV 4joi£Ix^i Laj i iall j ^ijll ^ J-l^- CjIaL^jI 

ji] jai -k'< J 4jjl j-al! o jail 2Jjlx^i 1$j dl^jaaml ^jll AiAjoJI 4i)jJa]| JLaxiJ (jS-oJ 
J j .jUmaJ ^ J j J (JjaUjVI i>» (_K ^ <lc-Ul! (_J jSII ii.1 ^jjjjJall ^j-a jjfL] La bile. 

.(_! jjjVI (J Jc Jj»"n V Jill Saa i all (_£ j3 IfrjUJ (j^ij < laa * iall jl SJliill 



(i) yuji 





ja^j -22.6 JiuiJI 

J JjLJI jis; cjIaUjI J] 
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i-ui&l CilfUaJI jjC <jjl>»i) cSjAil 12.6 Jli»II 

^ JSLJI 4i& jLs Jl*- ^jL^j .22.6 J^JI ^ fcgj *JSC1I ^UVI Jab :4jU« 

4La_pUI j-all (_g jSJI ^ La .VZ <Ja..ill jLui AjlaaJI Ac^^l <_SjLaJ j 4 m i— iVLaJI J^- 4 ^ 

lajsHum 3JLa. ^ Itjn-^ -Uiiti jjl (j^jjal ?diLj^VL 4jjlLa Lj ■ '— » ; j^jj ' it—LuljVl '"'j/'"^ 

. Ui . ^31 j 4l3j]| J jxia JaAI .LgJ jL L-nAj^l jUail (j! j 

.Iv.U j . JLill 3 c_±ijL6U aj^LoII j jjaJI ££LMI ^Jaill ^ :<JaJ 

I^cjjj oAi. ( _ s Jc. "ULa. (JS ^ jUi'iti j .Aijlj^JI o jS3l ^LojaVI ^ _ajJa j-a £ lia jll 



m (vi ) - ra (v (-/ )) + F R =0 

F R = mv (-2/ ) 
m (vi ) — m(yj) + F R =0 
F s = mv (-/ + ) 



m (vz ) — m 



V2 r V2 r 
V z H / 

2 2 , 

V v y 



+ J F S =0 



(f 



F R = mv 



-i 



^ ojS ^jjj^j-a ^ ^ "ULa. JS ^ 4jjl_aA]l ("n/nl <Laj!iUI o jail (jl Jaa.V 

^ Jj»-a oUj^I ^jj^Lxj j JLLuJ ^ s jill <^l£>a (jAa.! <_£ jLuij j . y j X (JjaL^jVI 

(jV cllUjll (jj (jjjli £-a --^ mla IjAj jLj (J^*- 0 4jjLi3l LSj'-^J '(J^M jLj 

.LaA^Uaa j iAjj^j jA o ^ J ';<j a oLajl Ijll j iol^jVI (jLoj^LtLa ^^)iJlj (Ji.JI 

lAljj^i.! ^^jll 1^ i n<1 CllLjal jilaVI £-a t_J jfjVI (j-a A ajSj ■ u a 4 » La3 jj 1 jjlc j] j 

jULJI A Jl^, iuJjA S jail iliilSlj 4 Ll£ La^u s jail Luk^a cjiaV cCl^l O^UJI 
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(jjiiaL^all (jjjiiuSlil! 1 afrij j5 VUa-a £3J l Lua I jjjjS^ialLall (jjiillaJI (JJjIa (JJJ La ^ ( C - J )j (m) 

. 2mV J ji-all jJJ 

^Liua <ji < ah* in Jja u^j^' 13.6 JUaII 

tJill cK« Jjl=^ ^1 ^ jjB Jiill AbioCor™ J > ^li^ll ^fill ^ :^sLu. 

Jail 

Aj^ljpil CjUL^jI 23.6 jLill Saj j .2iAJI ^ 2 , 80 Jjix^j AijaJI ,J ^IjjJ 5 

JjkiajJ ^jj-ajj (Jj-ajJ ^J'-jl ^*-)J)\ JJt ja^ll (jLjjaJ 

,j A£j^. jjxj (jc A-»a.U3l (J jail Ala. .AjC- jVI tdlil 2-ijLiJajxJI xjalLall dlLaluba ^^Ic. 2.6 
AjjjII ^yij - 1 "-^ 11 <Lajlii«j jJ^jll (jLj^^iil! i_S_ja.VI ^Jjll (j- 0 ) ^ijfijfl ^-oj^laJI (jx (JS 

lilij dlVLWa I ■ <aj| t -lma.1 j 1 g LaaJ ii all i_lla]l ^^Jc ' ■ la-j ^^ill (j&jYI (jU^jjill Jl (_£jjj]I 

.ojlA liljULuia. j>^3l £tjJa (jC <Laa.U]| (_£ji.Vl (_JjalLl V •(_? J*M 

:JaJI 

.^aJllI (jjilj oL^jI JJ»J (j!aaj (J=J qa ■> i II LjjAjj ^^jll IgAlajlj a jail (JUaa i (I) 
4<K ^Lu^all (_JS1I ^jit 3 ajlklall JljJLa. l$ .23.6 JLill jlajl I-kkkxll (<_s) 

i ■ llflll slaj - ■ II (j^i laJ 4jjl j^J| J j^ll j ,Ajuj^\ Ajj-oJi]I AjC- jVI Ia_)J»j j 

JJ^.2 
u^ija (I) 

f 1 , 

. jl^aJlj ^1 jJJ ^giaLail lie J ^jll ^3 Jijj • 

(jC. 4-a^.Lill (_J jillj « jaa i iall till jjxjj aJISj]! (_jl c^^kVI (_J jfill (Jjtlixi ^;^7> • 

.4 lag .n i ' ■ llall ^uaLlijl 
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Cm 2 (jiUa jjUI jJai»ll 4aL*« 






6.0 






2.5 






8.0 






4.0 


jS (j^jj*^ 





^ 0.816F- 0.4087"- 0.408* 




.^c\'nn\\ ^jj^j ^ ^1 jLija. CjUUjI :23.6 Jltiil 

• 1.056 g/cm 3 f-ill c5jL^j :^aL^=j >— iULu(i_i) 

j^Vl jjjjII :vc • 
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AjAuiaJl ajj^JI Sjjjill :sys • 
• kg, m, s, N : Ja*U • 



iS JrLj 1 1-8.6 AjLbliill u U j| ^ijll JiliaJl <tal** U.,,..*. :Cj^.i*-all (I) 

1 ■ \\ ni-s ^ "'^ -J tAjlclliV A-ojialall (jl Jl l^)lajj . j ^J^J ^1 J Jc- 
Ijlkjj .10-3.3 AJjSII iaMaJ Ajjllx-a] jjjL^liall 3ij>.-iti JlaxiJj 4l&]l JjajG ClV^ 

m,v*, -my. + V F = 0 
m, - m , =0 



« E jUJ J] (Oil 

•1 aj-La A^jUJI Aiill Jjalj L_l3SJ! J. aj (j* J£ Jl <k.l^ll JjajG (_£ jLaJ jl 

m ( . — «i. = pV, -pV ; =0 
kg 



m, = m , 



1.056 

V L 



A/ L V lmin 



5 

v min j 



60s 



= 0.088 



kg 



ajjjII J JjUI JLk« L-Luta^ .23.6 JSJJI J jjia JjLJI J^a-ii oLajl • 

:4-2.3 4ii*^l 4i*J jSjll 
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K\ = 



pv _ min 



A pv 6cm 



( 1000cm 3 ' 


lmin 


( 1 A 
lm 


I L J 


( 60s J 


^100 cm J 



=0.139 



m 



m 



v pv =0.139— (0.816/ -0.408 j -0.408&) 



: Afrjl uj a AijJaJ 4-i£jYI CjIc._>jjj ' _iui^Jj 

v ao =0.333 (-0.667 f + 0.333 / + 0.667Jfc) — 

s 

v* = 0.104(0.89/*- 0.45/ + 0.0fc) — 

s 

v* =0.208 (-1.0 f + 0.0 J + O.Ok) — 

s 

(JLoxjjoiLj a .la. ^^ic. JS j <jAmaJ| ^jjla jlalail (jljlulljll (jtj jail ■ ■ LmaJ 

/li.v*. -m/. +^F S =0 



0.088 

V s j 



0.139 



r 



(0.816/)- 



0.088 

v s j 



kgY m^ 



0.333 



(-0.667f)+^,. 



X^,, =-0.0295N 
.F Ssys =(-0.0295 f + 0.0147 / + 0.0245 *)N 

IAjjJ^)]! <La jlalall Ajjl j-aJI ajill (_£ jLuij t(jLajljj 



«,pul 



(-0.0264/ + 0.00412 ;)N 



F Ssys = 7(-0.0295) 2 + (0.0147) 2 + (0.0245) 2 N= 0.041 IN 

• F S pul = 0.0267 N .JS-L, 



610 



jjxjII 4^.^.1 j^j '■■ l—llkll oLaj - ■ aa II 1 afrj (jtjlll [jtjjSl ■ all (jljjall Ii—ll SI (I) 

:LaA (jSJj 

F Ssys =(-0.0295 f + 0.0147 J + 0.0245 it )N 
F R pul = (-0.0264 f + 0.004 12 /) N 

Jt\ 4-a jU.-.>» j ( 0.041 1 N Aaaj^J jk-.-U AjISII a jail JLka (_£ jLuaJj 

. 0.0267 N 

j (jc 4 <i-^U]l o jail (jLui£l*j I *g ''V (jJ jSx^i (jjjliiUll (jij jill IaLsjI j^jj : (Jyaajl (m) 

i . ilall ,j a»l ia ''VI ,j j ^^ic-VI J ^S-li (JJJJ^I (jjfj^A (j-° cKj -j 1 -^' 

AAAuia j| "LajIaiaJI "LiCjl CIujj ^Jjll e jSlI JUaa j . Ljjj^l ,j ujjjLiVI frlLV ""-^ *'■ a]| 
^J| 4- . aj ^gjllj AjjjjII "LajlalaJI SjS JUa-o (j^i jj£I - 1 aa II ^a ^.lll ^- 1 iaJ ^^jll) 

i_ijl j^i ClLiljj jl ^"'."J".') jij-al (jjjliiLjll (jij jail ^gSl ■ all J L all j . ( Saa3 (jjjj jll ^1 
. (jLuaaJI ^ .^ill JjjJ^ Li£j^ (j"" (-W^ 

<_HUJ Jl f LaJI ial JJjii 14.6 Jli»II 

Ait (JjijjjII laaJI ^JSJ 4-lj£ i a AilaLa] (_ljjai]l ^La j2jj (_HJJJ «-La S-lJ^I (J-J 3 -^ * 4jLut4 
(j^ajjil .24.6 (JijuaJI (jjf« jA La j (jjjjLaJLa (jJJa> ^1 tLajl 4ja.jJ (Jaj (j-a T K ial 

(Ja.JI jLjj Ijll .Ajjiij jJaill La^J (jjjjljl ^ L_lAiJ (_£ jl i aj3L) (jjC. jill ^jic ^ JJJJ *La]l (jl 

?s.La]l (jSJj (Juaaaj <Laj!>UI AjjIjaII j£1I La t 1 j i\\ i a <i 



P 

CjUUjI :24.6 JiiB 





.(jiLlJjll «.Lall Jaa. 



CllLul ^a>V I "La jJala <— a jt i i a j . Wl ^ j YYl 2 (jja.ja.j I Ai.1 j ^La. J 4-a jiaiall q a ■ aJJ : (J^l 
^jfjl (jjj jLuiilL ^ ■ iAj fLall (jl jSjj ' . J"^ y aLajVLl 4-ajlalaJI (JjLuJI (Ja.Jj U 



611 



IAjjV CjI£>1*JI 3Jj£ (j* 3Jj£]| Jiliajl JLsajjd 1 •'•'< aJ .Ajoij jlsSJI La$J £J^. 

m 2 =m 3 , v*2 =-v ~*3' ^2 =y ^3 

dlljjij-oll oiA (jjajjxajj .l#J3 j»£ljjj V J jl J . nlj (JjSJJJ eLall (jV a ' "* 3JLa. ^^3 <-a_jlal<Jlj 
(jljLU-a '2-8.6 SjSL^all 3JUJI ^411 pijll Jaliajl 3Jij<-a3 AjLilijll 3ij.,-iti 

Sjjljxll ^Jjillj I-it .^-ill (_Jj3j (JjLJI (3^-^ ^^i-^ll Jia-a (jlii-aJ 

: y j x (JjaUjVI 

-m 2 (-v* 2 )-m 3 v*3-P 2 (-l)A 2 -P 3 (l)A3+i 7 s t =0 :x 
m 1 v 1 -P 1 (-l)A 1 + F Sy =0 :y 

^U^a^xll <*JaLa <^.Lui« j Ajc-^^j (J jVl ^^}iJI jLsj 4 jj£ (J}3Jj (Jja-o (JUax (jl Jl \ jlajj 

x SJlfiJ j^u t^jJMI E jaJl ^1 <iK ^jLoG 

( J P 2 -P 3 )A 2+J F Rf =0 :x 

(jLu sUjI y oUjVI J 3jj| jJI a jail (j^Uj j 
(jc X oL^jVI Ajjlj^JI ojSII (JLWa ^W^J . (JjUI ■ '— S j3 (jc j «.La]l (jc j^-lill 

(jja-ii (jc ^Li j»i.jll (Jia-ol .la. <aj (jjyl <jl V] 'X oL^jVI ^ (JjLluII !-iir .^i ^jS (jjj (jjjill 
^JaajJa] ^ u«'i\\ (JUa^JI J& s-Uj LJLui jl lf?._a^ (jj^J (jl * oL^jV (j£-«jj .$LaJI 

■ . oI^jVI ^ji Ajjlj-o oj3 4-aJ (jjSj V c (jJJ jLuila ^jiJI (^jaauJa (jj£ <]Li. J j jiJI 

SjVu t\n\\ jjC- ^lalit 9.6 

(JiLa^ <Loj!ai-a]l ' « i aJ ^^jll Clll jJXJ-oll (j« JJ*J-a cja^l ^ JJ»JJ e " 3_a jJaiall (-3 
(_£jLall (JSjJLi Lai.j jl SjSLuLttll JJC. jaJajll L-L j . (j^i j]l ^-o ((jSJjll (JjUt-a jl jaa i iall 

(jc. I alia » ^IjjII Aa. (jj^j lii .<-ojlila]l ^ 4icli Aji.jLk (_Jj3 <-oJ (jj^J I alia jl ■ II 
_ 3.6 (jWjU^ll) JiliaJVI 4jjU^l 3jUC.11 J AjL^UHI 3tj.^l (J-axi^j La Sir. j .Lajb jL-all 
J\ ^jIJlLVI 1-ajJill Al^aJ Jl 3_aJ jjSj i3jLa*ll (j-aj *Ujj .(6 _ 3.6 J 3 

Jl 

:JI 3-3.6 <J^\ ^jll iiliaJl 3JjlxJ 3J^Uiill 
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YP=—(p* ys ) = —(m sy V sys ) (1-9.6) 

iXja jlaioJI 4i£ ^ J jiaiall J 3icU]| 4ja.jUJ j£j| £ J-S>-a jA ^ _F (jj 

^ j * (_£jL-uj (j-ojil ^ ajjaiall f^-j -H*^ C5^ c " ^•l^l JL-a ll fi ^A ^j-saJJ j 1 £" ,f *0' " V ^ J 

.4-0 jkioll J <lc.lill 4ja.jUJ <_£ jail 

: jL L£ Sjj^Vl 5JjL«-<JI (jS^jj 

Vf = m sys — + v sys — (2-9.6) 
^ dt dt 

' *,' ' "V ^ (^-iLall (JliljVI < - ll jr. Jj • CI 4-« jialall ^jLoij jA (j-«jll <c-jjjJI Jjij (jl j£jj 

: JL L£ 2 _ 9.6 <1jUa1I 111 .1 ji-a dm sys /dt oj^j jlVi*ll aJj£ jj^j 

^F=m sys a sys (3-9.6) 
Lui£c - 1 It ^jLuii 4j2 ■ . ' ■ "j t^LSj^li <jjl^l lHAH l/>^ J^ 3 — 9.6 <UjIx^11 j-" 

J SjjjaII Aj^jLiJI 4jjl ja]I (_g j£]l l-ljiaj c4jli£ 

^ ^ ^ » J^ 1 15-6 Jli^l 

1 V~'< (_£ jLaij j .(1-25.6 .all) g^lSVI jiailj f I i aill 4-£j^i J pL^ai o^jlj j"V' I^JLuta 

C^IS Jjiu JcVl j^ £^1 <^ j*D £jL-2j 120 *Liill 4ii> ^ iJSlI 

.(4 u^jVl ^jLuii JUj aIoj 6g 

e jill jl^lo jA La t(i_J— 25.6 (J^ill) l^jlilj frl ■ '-«H o^jIj (j* 4jj£* "Lajlaiall Ijj 

eLjaill jl jj j"^,' V i^iil jll J s-liil jJalall ol^j 4j£j^]I ^3 g^uj^ll 

^jJajl ciilla. ^^Jc. '(.\±i .IjjjSj Ajaal A n > >i j ^ (jjklluy Jj 25.6 (J^joJI (jJJ-a jA La£ 

JaUajl Ajjllx-a] AjL '— 1 ailll 4 «jj all (JLaxioil (jS^U 4<1Luia1I ^ Ajlaj is .la Ij ^»^C. I jiaj 

Jj AjjlLn-all Jjikj 44-ajIilall Jj^a. JJC <1j£ Jjiii ^^C Jj Ijiajj -3 _ 3.6 Jaa 11 

.(1—9.6 aJ^Ix^II) aj ■ aa II ^^Lall JlSiiVI (j-o Ajlli. tj^'u.u JJC. 4_« jJalo 2J^lx^i 

i _Lui^Jj . ^ ^^jjj^II o j3 j AJliiill (5-a jJalall) l^ilijj - 1 ■ '—all s^jl j J Aiclill jill j a ■ jaJJ 
. U^J^' cs^- W^-^J r 1 ■ eJjIj jjjJ <jalL« ^ j c6 _ 2.6 AJ^lx-all Jl aMA\ "t j3 
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li] t JaSa j oUjVI Si jl ><u ^jLooll £_a <_s jill oi* J-«j .(3 _ 9.6 aLU^II) ^IjII jjj jjjlia 

:Aj<ilui -jati jliic.1 (j^oJ 

^F v =-W+F 5 =m sys a; ys 



AjLU Ajjlx^ill J taall oiA (j^ajjaaj . g aJISjII CjjIj (Jliial Aiai <La jJaiaJI ^ jLui (_£ jLuy 



-(120kg) 



( m> 




f 




\ 


9.81 T 


+ F s =(120kg) 


6 


9.81^ 




I s J 






V S 2 y 


/ 



F. = 8240 N 



jljLoj .l^jlijj (.\ • lasl\ o^jlj oLaj Cyjjj 8240 (_£jLjiJ Sj3 - 1 ■ jaM Aj£j«a ^^i ^^joijill (_J^JJ 
jljj (jJ^ J^J U (-5^ ^ 1 aaJll (jl (j^-aJ La IjJJ^ l3J^ ^ C5^j ojill o^A 

(JJSj < J vSt j jaAjLaJ ilmlajJi] c^^yi «Ljjl 4jn>i _j]l o^j Aj£^aJI J ft ■ aill 

fLiil (JiuiVl j^j j»-JI (j}3^ A^kjj Aj^.jliJI AJliill oj3 (jl Jj I J^ij J '1^ .j»g-uijjj ^3 l^ia 

.^o]| Lg_ja £ a^li ^11 ,3lalj-a3l JjlSj Ijjj^j Ajaaf iw i h j ^ s-Ljaill jI jj c^^^laVI 

( _^Jc. UaauJa JjflaJ AJlajU a AjSom CS^in (jjjjjj La Ullc. f I ■ )afl]| -lljj (jl lilli Jl ' il ■ 
■ .1 mftft ^aV^I (j^i jaJI £ia] (jjli.jll 

(_J jail Jj&lLa (JjIsj J oAiia 6 — 3.6 ^^-^^ f^jfl Jaliajl AjjLt-a] Ajlal£j]l 4jt.li <a3l jiiaJ 

. (sjlc. oAi.lj Ajjlj (j^i jt l.-iI) 1.1a. o^yj-aS A-liaj J.la eljjl (JjfJaJ ^^l Ajj iajjll 

JaiJI fijS iiU^V 2bLl£3ll aJjUJI 



dt 



-dt 



(4-9.6) 
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F{t f -t,)=pr-pT (6-9-6) 
FAt=Ap sys (7-9.6) 

impulse-momentum ) tj-wajjil ^jJI 5jA jj->j <hL*-J oi* <<# JS1I A^jJiull 

.(theorem 

lie. <C.^>jjij "Lajliiall ai>. j Jj»"n I ajja AjjJailll (_J jill ' ° ■ aj ^^jll dlV-lla-all Jjs2 

2;. ^ jail oVU. <ji 7-9.6 <taU^ll JLulUj A /> sys jkiJI 

» jilt A-uala 16.6 (JlfLaJI 

4 ViiViI j jsall j ^jj^JIj t5 -u"J ^>s-i=2 ^^jII 4 u^/ill O^M* J^ 3 lS- 1 ^] ^l*"" 9 

^Jc (j ; Lj ajfiW Aj-alaJI (J^- ■ .(I - 26.6 (J£joJI) o jill 4j-aia (JLaxiuil (_£^)i.YI <£_)aJI 

.jj-a^ll £jtj (J^jJu ^jic o jail (JLW« ^ U»"ij ^jlxll 1 L i a 

26.6 iK Mill laj ^aall ' a ■ aj CliULij ^"t-* i^-^ 1 ^ j 1 J^-A^ (J^ 

Laip. 4-ai.j Jjijj j aa ■ Ai£ (J.,i-J J j*ia JLaAl (j£-aj lilliij tO kN AjI^JI 

Ozkaya N and (j-a 2 a) AiDlLjl (jja. <Lo_a**JI <jc.jjoi tjm-slj tjaail I ^3 (j-asji 

.(Nordin M, Fundamentals of Biomechanics, 1999 

.AMA\ J jxi^j ^LaiiiVI Ap.U. V 'Sjjlxii o jail S_^ila • 

.<-ajlila]| ojjj^i Aj^jLk A jain^ jl Aja jam V • 

(jl .(«.lj^JI ^ LaLaJ lxijj-a (jj^J I alia o_)jfill eliil (j <Sj£ t ■ <1 uia (j^-aJ 
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^Ll^jjj jaL 1 a'lj's j tiil .Aj-alall ^^k. ( j*aa , . til l <jj£j 1 <iji jLlJI Jl jjAi (jjiLLall 
Ajkjoball aj£]l (C jLuij 4 t__J — 26.6 (J^ni'l l^JJ -ijjj^ (J-^i • I .^J^ (j^ 

I q n\ L_ll i aa. 1 (jjjll JaiMmjj . — 700 N IaA *l _«g-ll ^ "'H (jj-^J LaAic- 

W = -700 N= mg =m (-9.81^) 

s 

m = 71.4 kg 

f.liil <La jlaiaJI j^-j j!)*^ I— J-uia» (j^-aJ '(j- 0 ^ 4ju\j a jii jA jlfraJI £J^- (j' cPi ' 
AaLobaJI AjAaj A*j a jill <_iuiajj .(5 — 9.6 <. i ajj]| AjAjJ-a JLaxIuAj (JpUajVI 

j/ni \nll (jijjSlI (jl Jl Ijiajj .i^J _ 26.6 (JIj^JI (J (_pLkjVI aA« JSLa. -gja-Lall CAaj ^1 
lla^i (jl » aaJj aJ aAa. ^^Ic La^La (JS t ■ LuiaJ t A? 2 J tljjl (jljsiik-a 



i max 



C t f — f 0.25s - f 0.05s 17* 

FJ? = Fdt = -± — tdt +F 7 At ? 
h 0 Jo Jo o.05 

= | 500 N (0.05 s) + 500 N (0.2 s)=l 12.5 N • s 

eio ^ j .Iji-a J>Q yS (JjSj lilj clji^a (j^i-^ .nil <c.^ui tejaall AjIaj ^ 

,j AAC^uiJ (<La jlaiall) (j "»■>■ uJI aJj£ l—J^j-ia (Ji^aLa. "La jJaJ all lSJ^-^ 'JjiUajVI 

(j^ajjxjll (jli 111 tt -La jA\ y aLajVI ^ (J uill eLaj 4 . alajl aj3j i ■ la j"H aLajVI 



f'Fdf = /5 f sys = m f sy V f s> 



112.5 N-s = (71.4kg) v*; 

r m 



-*sys 



vT =1-587 

s 

.<jjlj]| ^ Ijia 1.58 jiall jja. AjjIaijVI (J nill <_J jLaJ ilil 



617 




-j a ■ aSj .[3] SjjJfa jUI lA-la.j oAaiall CAJ$ j\\ ^ q aa Qjjla 1.3 ' UJLa. A^ij 
lilljl ( _ s i 4-ag-all i_ljl_jiJI (j-oj .4j£_)1I tj' 1 j \; a ' <aJ j»j^-!l (j-o Ijj I 1 — j 1 l^to ^ 



AjjiailaJI (JjlaJj ( _ s Ac- (j-Ujja II (jiuiAi^-all ^C-Luij (jl o jail 4-naia JLaxiuiV (j^-aJj 
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(j^i (j^l iAj^jLk £-a all JJC. ^lajll J I j£^y> AjIaxiIj JjjLuill (j«ajll ^LojaI (jl£ 

jlAVi, I, |jj .LaJj.!^ ^jjc. S-iLa (jjSJJ ^ ■ «aj (jaj-iaJj (jl (j^aj SjJxiall jjajll (jl Vj (JlSjjl (jjJ 

CS UJ^ '»^La £_a a jSjuiall JJC- -Uiitl JaJ Ajolij^II dV^Lcall (JLaaiuil J 

<*jLill <liaVl -l=Jj .f^-aJI L^Lai' JLSi&U 

(Jj^ ojIAxJ ^jjL^a sj-Ai-a jA I aJ i LpLa VLiijl (j * ' -**'" <jll S^jiLaLall JJC. <LajJaiall 

• (34.6 aJLui«JI) s-Lall >"i*>' j^aJI u'j^ j^j LjaJ isj^- <JLia <a!ij . (_>i>jVI 

<UjL*_al <jL al foil Axjj^all (Jjjij t Lj-l3 Aj^jLi. (_J j3 JJjJ V Jill ojjilall - Lalll "ULa. J 

: 2-3.6 ^jll Ui=J 

: Jl 6-3.6 Ja±JI j^jll JiliaJl 4jLI£jSI Aiu^W Jjlkjj 

Ci^-j:^<*=i:f 1 <* (9-9.6, 

' J 

fil^att £ jjLua £ jLuu 17.6 Jli»ll 

<lli£ (_£jLuii t A_jI All) J .^^jLkll - 1 ■ aill J ojl-la J I jSiuia Li jjL-a J!'*'"' 

lilja-all <A j3 (jLk-JI jjUjj '5 kg/S j!lxAJ (jja-all JjSjll U.jUa c^LaYI jaj 4£jaJI 
JjclLa (_LaAl ? JLstliSVI AjLgj J £ jjL-all icjiji La .500 m/S <_£ jLluj AjjIj <c.^loj 

.JLJL&ll J jSaJI 

(j-a ^a jJalal l (jj£2 4AjjIJljjVI iliaJll J .3-ajJaiall Jj-ia. ^jjL-all l_i!>Lc jik.1 
(jjSj i^AjjLjjjVI ^ laaJll) JLstLSVI AjLjj J j .AjLkUl AjLj^jLa ^J-a^ j ^ jjl ■ all j Jjijll 

Jlj t3 «jb'«ll j^j Ji*^ oJjaLall <Sj£3I oi* (jl Jl l_)iiij .Jj5_jll j » < ' " I 4-ajJalall 
jjl Jl I Jajj .<j^jLk (_j j3 (jjJ (j-a ojjilia A^i jiaia tLjjS Alcli (_j jil (_gj3 ^ .J^J (*^ c ' 

(j! (jS^iJ Jill JaaJt ^3^' -iaLiajl 4JjLla1 AjLal£jll AJt^b all - laaj aj cAjlaj oAa jA Jax-all 
^- ; ■ aJ lil < laSi Aa>l j ^J=^ ^-aj (jU t^a jJaiall Jj (Ja.J <LaJ qoA .9 _ 9.6 <1jIxa1I J] ialuij 

:9-9.6 Al^UJI 



'o dt 
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sAaIU (Ja*-° (7-jLi ijj-ala jA ^jjjijVi i—i^jiall (jli lil idljlj ^ jjJa-all Ajiijll (Jix-o j 

111 c<ii*-a CjLjjI.1^1 2 Jc. "ULuiall ^al 4-jla^l 

: t—lLota. (j* (j^-aJ La IaAj " -la j-a]l JC oLaj^l J ^jjLwall (j^i ^jLkll (jLkAll oLajl 

-Pj(f f -t 0 )=pr-pT 



m; 



v A sys 



5 kg 



r m 



500/ 

v s ; 



(5 s - 0 s) = m f sys v7 ys - (1000kg) 



Oz — 



Jjij j_5jLuij jLjiiVI ^■jll ol^ ' vJ J*^ ' 4-lLa. (j-o (J-axll Iajj "Lajlaiall (jl l^jlajj 
3Jj£3l (ya ^ j jJa-oll A jii jll SjS ^ AjjLjIjV I Aiiiill ^ <La jlalall <1j£ l -kii^J j . LaLaJ 

:<Jjl ^ jjt i all <c.jjj ' ■ Luia j liUj ( _ s it fljj .<jj!aajVI 



-12500* 



rkgm 



1000 kg- 



kg 



(5 s) 



-*sys 



-*sys 



= -12.8z 



r m 



oUjV (j^U-all oL>jVI J A^LMI J Ijia 12.8 AjjlgiiVI £ jj ■ all Atjjai jLjj ttil 

(j^i Clllla oAC. La Ala £joil j (jjUai Jc. 4ijj*_a A^^^aJI J (JJj;ij (j^jljS (jl jx-ja ■ — 

JjljjC. Cjjjjj ^»la Aal ^cjjl J L (JL>-a cs^ '-^J- 0 ^.'^ ' "* ^ *g " * Ljjl V] t^jjlmll 

(jjill CjIjIaj ^ <L»c. iilijAaJI £jj _j^ll jjc (jiuj^o "a*j ^aSI t (Robert Goddard) 

vl)..' ''g cs-L-asJI (_LixJ (jl (j^-aJ V ^ jjl i all (jl lijja (_jjilill (j-o JJJ^ Aaiclj . (jj^)Jisill 

aALa <aj (jjSi (jl ' ; CjaLoVI ^jjL^all ^jLoijj AjLj l_jllcj .Clllljll (jj jjj 

5.Lkiaill ^ Lai . ( al^ f.\ j^JI t^jj-ajVl jaJI .!(; jlr. £Aill cUaaj (ji <j^-«y ^#?-J^ 

oAjSj ^jiaJ |_5ASI ^ jjt i all (jV 4<ii.jLi. o^La Jl <^.Li. V cJjIjjC. Lai laS j (j£l 

|»Ia La jl .(jj jjj (jjjlj3 dlLlliaia ^jjSAjl a} (jal^all (Jxill Jjj (Jxill AlljJ Lj i aJ Aj (j-aLiJI 
(jl |»C.jjj jl ujlll Jc. IjAli ^jjLyall c(<-a_jlilall^ «\\ jjlij (Jjli-all Jj5_a!l 

CLlV^Loa (jAaxluLA ■kc^yjn Lj i al i "I 1 lj£ aJ 4jli t4 a II sift L_llxiluiV (j^^ tj^**' ' "I "g ' .' 

.l^J^IJ^^ta^^^l 



620 



ch-^j 10.6 

. (JjLuill J 4CJJJ UAuij jj^aJ 4jl (jVI ^"'^ <t_)jaj (j a ■ '■*>"" ^jlill CjVjLt-aJI ,j LiiJajjal 

3 alia all ' Ixjj JJXJJ (_£ja.YI Aili-all <C jl a all j ■ ■ Lul jVI ^ (jjajjll <C._>jlu CllliA (jl V] 

(jSJdll 3jjA Aj^sj - j t>a '(11.6 £-IaIa]l) AAul^j-all AaLkll 3_jj| j^i aJjLx^i (jjJJau (jja. Ill 

.(Reynolds number) ^Jjjjj jjc 3JaJ _jj U jjxaj jLaj ^1 

La .AjC^lu Ajj^ J ^>J (j-aj (JjLuill (jSJj ^_ajj Lb j^j j.'"^ Aij^)ia Re (JJiJ_jijJ .J-JC. Jaj 

Re = ^ (1-10.6) 



Jl a31Kt\1 Ajjoj jA j toJLi.j Re jl Jia.V .JjLJI j] ^ jo, j cJjLJI 
- jjaL aJjIx^i (Jla IjjIu C^JAjl* j ja. j-a jjxll liAj .JjalLajl JjLJI 4a-jjM 
liA Lai . Jiill oLLaa. AiuLL^-a]! 3jjj jjjll JjI jjJL a ,^U1I (Navier-Stokes) jloi 

f Latvia tt-itSSlI 

.l-jjUl^^II Jja-iillj ^ jL all (jalill :3_ul jl-imVl Ajc. jVl ^ 
Ajiijjjll JjI jj-ull (laminar velocity profile) Ajajiudl 3x. aIia j .JjLJI sj^a-a 

yl^all ^JaSSI JSjuil las j (_g ja all jJaa ^jic ^.^i j^U 3x. jjoJI <-aja Ljj3 JJa2 3 JJA 

JjI jjo, 3 kujijll *j| jaII Ja« j CjIjUJI ^Laa. jLucI (jLaj .0-27.6 JaJllI) (parabola) 

Bird RB, ) lsj^ 1 cs^ -^j^-j- 0 <j-"j^' JjLuJ] ^jj^aLjll t-ijjxjll Lai .3^2 jjj 
Stewart WE, and Lightfoot EN, Transport Phenomena, 2002. Trusky GA, 
.(Yuan F, and Katz DF, Transport Phenomena in Biological systems, 2004 
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ajjK. h« icju Sjja :lj-27.6 Ji*iil Aj^jL^a 3^.^ ajja :i-27.6 Jl*ii! 

. ClLL!5ljil J tllLal j J 4jjj5LLa]l . 1 i ill i ii ISVjjl Ijiu La / ei (JjLuJI dlLLJa 

I^Aj ' iaj "j ^ ajiJ <c._)jaj (jc- ojlc jjxj .lji-a jIa=JI Ait (JjLJI At-jjoi (jj^J cjl.laJlj 

<aJaia]| liljj j < jg-Jajqi j]| 4_ajk]l Jc. (JjLoJI <Cju lg-j3 AiJJ (_g all J <aJaia 4_aJ (jl JatJ 
. L_l_ojjVI jj^ aJ (Jlalall Jajjjll La ci—ljiiM] jl i jxl\ ^JaLail jSj^i He. £ij Jill lilli 

<al±i_a <£^uij Jjijoij (JjUI (j^i AjJJa (J£j .^jlj-liJI (j-o i—lljasVI £-a LiajjJJ <£^uil! afll jjJ j 
(J jia ^jit LiJauu dllajJail 4j3 (3^3^ J*^ CS^" ij/'JJ^ ?■ (j^f^l ^ 4£.^}jai]l (jc !/LiIii 

oAjAijj "IL^^IaJ j-^- all jl L_l jiiS/l J .1^.1 j ol^jlj 4-Laa aJ (JjLoJI lil^pjjjj . 1 mini liiY^jl ;J 

jaJj jiltl ^IjkJ <_jjJ (jajoll aJU Re<2100(jl£ lilj .^XJIj ^LkijVI 
A^Jajoba <c jjJI ajja (turbulent velocity profile) ^jkua J l <c 4isA 

•(m - 27.6 (J*N uJl) L_!jjjVl (Jj^ 3 (J'- ^ ■ "**' J}3.Ii]l JjJalia " '^J^'jJ 'WiJ^ 

(^SAill Jaj^uJ La LJlt j . L_l _jiiVI (Jjia Jc eljjl CllLaljJ IJj^ L_l_jjjVI J Ljla a 

(j^jji 4jk j L_l _^Vl J jia Jc liljaJJ JjLJI jV '(plug flOW) t^-aj^l (JiSiSI L-ljIajJaJI 

lid j tljjia^aa (jajdll JJOC.I 4^1 jkml L_! jjjl ^3 jjaJjJ JjLJ Re > 4000 jl£ lj] .JjLu (jx 

i 

<jc.lL aJI Cjliiilaill J ^jUi (jaJill ,j-a ^ jj]l 

(transition) jjjc JaJSlI i4000 j 2100 L>"^>yj ^ oh ^" cs^J 

QjSa I'll (jijjAaJI (jilajkll (JjjIa b LSJ^- J • (JSJSSI aj| , ^.X. l^jfl laJ 

.Ajjj^)aj]l dlljUJI (j^i L-lJajJa^II j all 
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jLiJljl £-aj ^J"*,'*' a (JjLuJi (jjS^J UJ-^JJ aiaaiiaj 4 ml l u J}3.ii]l iaLajl (jj^J ' '-"'^ *'"^ 

.Re a^js jiib ajjj! 1-10.6 aJjLxJI <^ (J. j D j p jLaj 

alkj Vijninfl ^ Ual jsl (jj^J (jl ^lajmj itjuj (JjLJI (jl (_paljjaV (j£-»J 

jjij £-a <C^uill JJ*J (j£ (Jjj-alij Akjx^a (_£jj^>j_ia]l (j^i (jj^J ^3 .e^to all S^yilla]! (Jjl^ajjJI 
I i iaj jfLcoj *~l '■ ■*• i_lla aLaj^a a i aij aJjaj Lti^ J'^J cS^" '^-H^ 4 ^' £jJal^oll 

alaj Cj^-llx-a J] 4>1*> 4_aJ tCj^l^JI oiA ^ .e^te a (jj£j (jl Jjill JJC. (JjI_ojjJI (JSJj iaLajV 

Bird RB, Stewart j^jl) j ^Jjill Jaliajl dVij«-a (^Jc. a jSS I iia«j ,ia ajjiia 4-JjI 

WE, and Lightfoot EN, Transport Phenomena, 2002; Truskey GA, Yuan F, 
and Katz DF, Transport Phenomena in Biological Systems, 2004; Fournier 

.(RL, Basic Transport Phenomena in Biomedical Engineering, 1998. 



^Iftjll J jkfi 18.6 Jlidl 

. ^j-olc- jll ^ji s-l jgJI (jjS^Jj (JJ^joJI s-liil (jjiJjjjj Aixl 4jjjjii]l 4 ajSIl A3a. :4jluM 

:<ULui«]| (Ja. (j^i (j£-ali] La (_)'-* jpflim IjJ^I 

SjSluLa "Ula. <La jJalall • 
.(J£juJI 5jjl jiajail ^j-altjll • 
. ( _ s -alc ^1 (Jjia cs^" ^-^^ plj^ll (J-^l J A£._)jjj • 

. jjijll j (jja - nil ^ a5jsj1I IjpJ 12 <_s jl^ *lj$il (jaju j!i*-a • 

1.8 

lAjIaa. Ac^yji Jl aa a II (_33Jj]I (JSa-a (JjjaJ i ■ la-j 4(jji^J J^C L-lLuiaJ 



f 



_v_ 



L V 



12 

v min y 



lmin 
60s 



1000 cm 
L 



3 \ 



= 78.6 



cm 



7t(0.9cm) z 

Ijjiia jjx-a]l s.1 _«^JI 4ja.j_)l j AaljS ^ ajS j 4 ajajl ojlA JLaxluilj (_p:J_ajjj J^C. L-lLuia. (j£-ajj 
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M 1.79 xl(T 7 ^- 

v cm-Sy 

^ i n-^ (jc- Ajjaj La ^-o --^ uila IjlA j t^-a-jii-a (jjajjll (jl Jc. (970) (jji.J_aiij J^C 4 « ■A Jjj 
(jl (j^-aJ -V j»l V _a3*-a JJbtll (jj^ (J <aj ■ aa J lillj (j^i JJ^I (J ^jjaimj V Lii^l . (jLuiiyi 

4 uiijj Aijjaj 4*U,*il Jc. jaj (j^i IjJJ^ ' aliaj 

^jjjj Cj^Jbu* j 2 ; <^ytt AiUai) 11.6 

jll ^Jaill (j-a Jc. V';;^-"' (j£aj eJjUll A^ulaC ALL*-a 4 II aSLUI AhU-a Saj 

2j£ijl£jAll <aUall jla <3 qiaox 4 u,~ila. ^ A,\<\\ A^ILII jl jja. J j£l .JjLui (jSJu UjjS ^.jJ 

Bernoulli ) J jjjj ALL*-aj .Ajjl aJjU^j 2j<yKj,.W <SUall i_L^a j lil .<illi£ i'u«\\ 

4 m ^ Acjja a Jc (Jflaju S^i<jiKj«ti AiiUall 4jjl y> <tab«_a ^j>>-i (j^i (equation 
jxuJa (JjLjj Ljj3 ^.jJ Jill ^Jajll ' L ■ a jj j ' L^a jl Alllxxll ojlA j .1—4 jjall (j-a 

l&S&jdl &UaJ! Ijjl^ 4ijU* 1.11.6 

c^L^Vl j JjI rLjjjl j 4£jaJLj <La Jc. (mechanical energy) Aj^jiKjaB AiLkll 

Aj£^iJI <La jlaiall AiUa ^ j *^ a (_£jLuii j .^Li^'^l J A^^aJI ^yij (jl (j^-aj Jill (_J J^lLij 
(_£ jluij Jill AjjI jaJ AiLkll lSJ^VI AiLkll ^1 jj| (j^j .L$ja t-i jji^nll J-a*ll j 4j-al£ll LgjiLk j 
.(5 Jj-aill) AjjL]jg£ll AiLkll j 4 (4 (Jj-aill) SjljaJ j AjLklJI AiLkll £ jAi-a 

La^jL) jt u£ tLx-o iiljJJ lilljj LaAic. t(JLLall (Jjiui Jc . J±] Jl ^ (j^ A SI kll (Jjj^J (j£^jj 

ii.b -»B<*~yi l-ujuij AjjIj^. AiLL Jl SXyKj^ti AiLkll J^j jjjJI liLljj jV ttisl ' J ^;. J 

AlUall ^ I jj| Jl j (>a UpVjaJ J JaSS Ajlul£jJ| AiLkll jUataJI J AjIuISjJI AiLkll Al^U-a 

•c5>Vl 

jl A-ajialall (Jijj (jl AjSjjlSiall Sal UU j^aJ c^^kVI Ajalu jdll (j-al jaJI jl^)C. Jc j 
i ■ La-jj tSJai^ia JJC- AjSjjL^Lall AiUall (jl Jl I Jaj j .Ljj2 ^a£l jjj jl cill^L-jj jl ^1 jjj jl IajjIxj 

tAjjlj^ll Aj^lx-a (Jl «in"u nl 
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vj/ _vj/ +vp _xp = vj/ (1-11.6) 

x in x out gen A cons x acc V ^ 

Aj£ ja. AiUa Jc l^ia j A-a jlki-all Jl SjCj-.Kj.W AiUall AaaAlall JjLall a1j£ a£ ja. Jijj 

.Aj£ja. AiUa L^lllLaJ cAjjx-a ACjjjU JjLuJI jjf^J LaAic j . J^S-lia (J-aC j Aj-al£ AiUa j 

AiUall jA (J9 Jd-all (J-axJI j . JLSj JiLa. J Air,^ j-a jc (JjLJI l^llaJ jll Aialill AiUall ^ajj j 

.Ifra-jU. Jj jl A-a Jalall (Ja.b Jj JjLJ <*jpUI 

AiUall i-^tN 1 . ai j£aJj 4 AiUall j-a ^1 jjl j-a Ajlljl^Lall AiUall All jj j£-aJj 

J AjtjLill aLLiIaII AiUall CL}l)_jaj ^1 jj| j-aj .AiUall j-a jaj £ jj L^Ljaj jl AjfLul£j-all 
Jj 4 i j sJAojj JjLuill iill£ja.l ^ in.nl jj Ajjlja. Jl AjfLjjl£.Lall AiUall JjjaJ AjUAlall -k'W 
.AjjI ja. AiUa Jl SjCj'.Kj.ti AiUall (jji j£c JJC Ijjaj t*ll£ja.VI AiilLa JiaJ 4Al3Alall JjI jjjA\ 
LilLui XaC iiH£ja.7l AiiU-a 'a*J 111 j 4A-a U ,^ all AjAai (JxC jA (-Ja. j-all J-axll jl JaaV 

AiUall AjjI j-a Aljlx^i J . j IN g V..yi .jaj 1 j k. JJXJj (A-a jiaiall (j* 3j<jiK^M AiUall 1.133 ^ 

jl iacL^a Jl aalaL A-a jlai-all Aliii (J-aC jA ((jiaiall jjc) (shaft WOrk) AjVI J-aC j 

Aj j£l Ixii LJLui jl La. j-a (jj^J (jl AlVI (J-aaJ ^j^ajj .(_£ ja.1 Ajl jl Aiic jl Aa-iJa-a 
jl All jjll Jaj aJVI (J-aC jc JJ*J <Aj<jiKj«ti AiUall AjjLt-a ^a (_LAxj1I jja. j .lgj-a jl A_a jjilail 
liUjl JLJI jlaLall jjij jll CjLaL^uill (jjjjaa_a (jJ^aJI jjiA jl ika.V .liDl^iVI Aa. 
jja. jjijj (jjaJI J t-ijj-all Ajajjl^jJI AiUall jl Jj I Jaj j .(2 (Jj-aill) jjill J A u^Ull 
lift j Sj<j'.Kj.M AiUall Aijl j-a AljL«-a J K^"..,.« j] |J J^tll |jA "a«J tAJVI J-aC JjilaJ 
Aialx^i AlVI lW- AiUall ialiai! AljU-a J .4 J - ajll J ^)'ull 0° ' '^"'^ « 

La 11a j c AiUall (j-a ja.1 ^ _ail ASSJ aJVI (J-aC. jc ^a.Ull AiUall L-Luia jjl jjj '£J^- j' J^- 2 
2iUa J Jaill jja. U>ji. J !>La.J aIVI (J-at 'oxj 111 .AjjIj jjill J Ajlill AiUall Jjj 
.Aj£ljl£j-all AiUall ^ J-aLxjll jja. jl IjJjJj tAjlall jjalall 

^a.^31 iaUail j-a e JJjall dlLuilLall ^lui J Ajajjl£jxll AiUall Ajjl aIjIx^i ^ J "' 

Bird RB, Stewart WE, and Lightfoot EN, Transport (Jj^UHI Jt J^ail) 
(jUai ^jU». 1ju.ii ojix^i ol u^iUjj ajIjj aJjU^II ^1 jVi.nl t jllnnj .(Phenomena, 2002. 

Aljlx-a Jl (_JJJJ Aljlx-all ^1 jaluil AjLaC. jl jA Ua AjSjx-a liljlc. La j I ' ■ itiall loA jaLajAl 
( J Ix-a La^JLuLluil j£-aJj jjjlajjai-a jUljlx^JI JJJ*J Jil . JaaJI ^jll JaliaJl j_ajla jc AliLai-a 
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4 J' aail (jjul j lljA ^^'iKj^tt <a1 lalj Ajjljxi <ljlx-o (_pa_)C. 1 ■ Uu jA liA j . (JSLulsII (Ja. 
Ajjl j-a aJ.}1*^i (jl 1 g a j ( _ s Jc IjA liaLajAl j. aaj cAljla-all ^1 jaiaJ IjiatJ JJ I jiaj j 



w(E Pj , -^.y ) + -E K j) + m 

-m 



Pi P; 

« J/W +E^shaft-S/ =0 (2-11.6) 

o.la.lj ,J Aialill AlUall) AjC. jjll Aialill AiiUall ,_A E p j c2Jj£JI (jS-Sj Jin-a jA ffl j! djja. 

P. j 4 (a1S1I S-^lj ^1 A^jaJI AiUJI) Ajc- jill Ailkll ^ E K j 

^_)a_]j A_a jJaiajl 4 (ji-ii (Ja..ll ' " Ua A-a jjalall J j.la. >'«"- ^ jaJI j (Ji.JI UaauJa LaA /V j 

e.la.1 j ^) jill a 11 jA V j 'A-a jlaiall laa ■ '— j& P j t(JjLuJI Ailj£ ^A p j < I 3 la 
c(j)A«j]l (jt ^a.Uil JJC. j JjajSJI JJC. ^1) Jill (J^C Jo*-a jA y^W shaft J '(aJjUI 

.[L 2 Mr 3 ]AaUJ J^*-a j«j j*i 2-11.6 aLI*JI Jj^ 

;= A , t^SjilajJ AiLkll Ajjl^a aIAjuh IfrL a jj (jUaj ^jic 2 — 11.6 aI-ILia]! (Jxxiuij 

\ t .■ a 4 I I a 9 

. AaJj ^^ja.j j (JaJ • 

.JaSs Ajjl jaJ j Aj£ijl£j-a]l (jjjaUall jjj Jj^aaJ ALliLaJI ASUall CjXjaj • 

.AjjLajS Cl!ic.lij ^a.jj V • 
(jl A]j£]I ialiail L-l] jail CjjjAja. j]l ^jiJI j Clllj ojiilutall A-a jiaiall AjJlj^a_a j 

aJj£3I Jia-a (jli 111 -^J^' <^ t3^^ J- 2 *- 0 L)jLu-« Ja.^1! Sh<ti ^jai J^x-a Jj^j 

•2 _ 1 1.6 aJjIx^II (J m j aJ] >aj^j '—4^ ^ j^' 1 "^ jjc- 

(j* (JjiSLall (_U«JI j Aj£jaJI j Alalill 5iUall Cjljjij aJjIx^II ,J JjVl Aj^I Jj^aJI JlaJ 
AjsLL j Ajla.1^11 JjLJI AiUa jjj (jjj jSaJI (Jjjajll <»1<*M JaJI Qju^sLUj .x jail (Ja.^31 
aJVI J-aC. (jc. (jljJa.Vl jltlaJI JJ*Jj .Aiajj ^ i alSj jl JjLuJI J^aJ (jc aa.Ull Aj£ijl£j-a]l 

2iLkl] ^Sl Ji J- aaj V taj?u.i« A-a jliiaJI (jl Jj I jiaij .A-a jlv.-W J iill£ja.VI AdlLaj 
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2jLblalll Ain^Wj (2-11.6 aLU^II) AjlullLall AiUall Aj Jl ALU-a jjj AjLIjII 

:Ua Uit& A«j ^1 (7-7.4 ALU-all) SjfrniJ aIUII J aJUI AiUall JiliaJl aLUJ 

p. p. 

+Ze+Z^no„ fl ow=0 0-11.6) 
jjjiUall J till jjxj ^-a ojiiuia A^. jjia A_a _Uaia jC. Ajl£ll Ail Sail Ul 'iNf AxAi-all ajiA 
j* ■•^x'-l aLIx^II oi* jl Ja^V .AjLkUl AiUall jjxj jjJ jx j£l tAj^j^JI j AjJ£ll 
jl la 1 a j^ V\ * j 1 ^ ja. o^jiLuia A-a^Uaial 4 il£l l AiUall JaLl^jl Aljlx-al 4«iL-alidll AjLij al l 

.£jaJI j Ji^ll jJJ AiUill J Jax^all J ClI jjxj 

2iUall AjjI _^ ALlxa j AjKII AiUall iaHajV Al!lx^ll ALU-all oiA jJJ AjjULall jjjj j 
(ji.Via (_LaC JJ AiL-al tAj^^pJ j Aial^ll jjjiUall dsljjxj j a ■ '— JJ Lafria (jl AjfLijL^all 

O^i '»jl J^Jl UalLa (Jill Ajla lAjjl jail A-a jialall AiUa jjxj .^K'WSfl jl £-aj J-aC- j 

VI jLwiaJI 2-11.6 AjfLulluJI AiUall AjjI aLIx^i 1 afrijJ La ^4 jAaJI Alalia 

^jj V ^jll SjSLuLall (JailU A_^aUJ 3~1 1.6 AjKll AiUall Jatiajl ALU-a Lai .«ill£^VI JJ&U. 
jjjLL»_all (j! Jl Ijiajj .^JjaJI Jfijll ^1 jjl xja?. (j^^ailS AjLkUl AiUall J CsIjjxj Uai 
(_UutLajl .AlLuia (J^l A-aj!>Lall ALU-all JLaxluil Jl Ajjjll (_£jjjj_all (j-a AjU 'I -la. jU^jLoiia 
.AjjI J^JIj Aj<j-K^» A^i jJalall JiUa J till jjxj Ajj jj£j I ajja AjKII AiUall ialiajl ALlxa 
1 j Aj^jjl^AxJI AiUall Clll jjxj ,j jlaill jia. AjfLul^Lall AiUall Aj jl j^i Ajjlx^i (JxxjjoiI j 

iaa,V j . J jjall j <— S Jjiall (j-a J-it (jSao i .lUalj AjSjjl£;Lall AiLkll AjjI y* Aljlx-a jl j£j£j j ka3 
tSlt cK l£"1I (> (jlS ciaaa Aj£jjLlia AlUa JjJLa. Jk. 10.4 JUall pi _j5a-l ^1 I jlaj Aii 
.Ajoij L_ll _aaJI gjjl lilli LilxS jlj cAj^jjLlLall AiUall AjjI j^i AjjU-aJ a11.ii nil 

jl (jial jlal j iaa i all ^jS j^i (JLa-a j-ajJa AjjIj Ai\j£j LI » ■ '— S jjlill JJC. JjLuill ' a ■ all 
.Ajilall Ajjja II j AjjjaJI -Uiti ^3 LijJ^ Lajlj ■ a (j^al jlal jA JalijJaiiU jjli JJC. JjLuill 

Ljj£ J^lj 'Aiajla till jlc. Olj ^iaj Jjlaal) \a» ■ all jjxj dlljLill Ailj£ JJ*2j iAjjlLalLi 

Batchelor GK, An Introduction to Fluid Dynamics, 2000; Landau Jla ^jsJ 
JjISII J^Lull aIU ^ .(LD and Lifshitz EM , Fluid Dynamics, 1987 

IjlA j cAiai pLul ^yxli V (jrC-jill JjLuill jV ji-a m jP dV JaJI lS cJaU^aj!iU 

: Jjl^j 2-1 1.6 aLU^II Jx^j 
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m(E Pi -E p j) + m(E K . —E K j ) + m 



Pi Pi 

+ZW shaft -X/ =0 (4-11.6) 



(E Pi -E Pj ) + (E Kl -E KJ ) + 



+ 



shaft 



m 



P; 



m 



(5-11.6) 



.[L 2 t ] ja 5-11.6 aJjU^II t [L 2 Mt" J ]jA 4-11.6 4bl*-ll ^4 

£ P =g/z (6-11.6) 

(7-11.6) 

5-1 1.6j 4-1 1.6 ijjjtaL*^]l (jiihU^ll JjjU (>> (J^jjxjILi 

m i' 



1 2 



* 2 



2 2 p 



(8-11.6) 



+ y^L_yL = 0 (a-9-11.6) 



m 
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'•t^j-i La£ (jl (j^oj ^11 



g /i. +-v ! 2 + - t 
2 p ; 



V 



/, +I V 2 + ^- 
2 p 



| V 1 ^ shaft V 1 / _Q 

m m 



(b-9-11.6) 



J ft^ . n* j .(extended Bernoulli equation) <xL jJI Jjj jj ^JjIx^j <talxJI si* i_a jxj 

y£. AjC^joi AjjA (_JjLu 4j3 (JS^ljj a jSluLt ^laj (jc jjjxjII 9 — 1 1 .6 J 8 — 1 1 .6 CjV^IxaII 

Jaij <UI (_LiC Lj-)2 J - aa-jj Aa.lj ^^J^- J -laij (JiJ 

yljljilddxA 2.11.6 

^3 AiajG s-Lut o jLji« Jc. (jjlSaiij ^lijjl j A lii l^-ij (JjLuiSI J jj^jJ "U^lx-a iaJ JJ 

(Jl j±i.L) jl ^ ka SI ^xijll "UjIxa Sal 8a jl SJ-llx^i (j^i abulia l^alilioil (j^ajj 
3jjl Ajjllx-a Jc. 4-aSLa lj jj3 (JgflaJj aJaj Jc. J^jj^j 4jjlx-o (JjllaJ j Aj^l^Lall <SI Sail 

4^£UI Jl AiU^j jil .IgJ JjiuJI JxxSI J tSJlS^VI JjSU- c> aJUJI ^1 Jc-j ^ ; <y,K,JI 

jjjIxaII 2 >jU;.ll (jiaj jl I i ajl aLIx^II ajlA (JJfSaJ ■ ■ llSaJJ <2 — 11.6 "Ujla-all Jxj eJjl jll 

:^VI 

.(c£ll£ja.VI (jc 4^=Aj 4a.jjl AaUa Alalia Aa. jj V (.jl) £ jl JJC- (jSJij • 

< 

UU, jjc. j^ajj • 

,<ST (J-aC. AajJ V • 

:JL L J\ a-9-11.6 j 5-11.6u^lx-ll Jj3i3 



V 



Pi Py 



0 



(g - ghj ) + 



1 



1 



\ 



v. 2 --v 2 -P ) = 0 

p V 



2 ' 2'', 



(10-11.6) 



(11-11.6) 



j t4 aJalLo <lc.^uJI AjjA (jjSj (jl (_5^)i.l i . ilUT. 1 l - 1 1.6 aJ^IxaII (jl Saa.V 

lAilja a jj-o^W Lille. 



A f 1 A 2 AP n 

g A/i +-Av + = 0 



(12-11.6) 



cjXjja on c3j^ jA Av j '£j»JI j Ja.^31 JjLui <_sjL£ cs^-^J ui? cjj^' jA A/i jl 
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1 2 1 2 
-V . V ,. 

2 ' 2 ' 



(jajl Av (jl .^jiJIj Jik-JI ^UiiA (jjj (JJfill jA AP j cjrjiJlj Ji.jll J&jjai 

cL>^ '((v ; — v . ) 2 lI^-^Ij <Jc- _>» cjj^l <jo* 

. J aLU^j Lajxc 12-1 1.6 j 1 1-1 1.6 jtitaU^ll i_j jxj .((vf — v ; 2 ) ^t) jiic juJI 

Jl A_<i jJaiall j (JjLuJI . D i_g jLuilj dljLj a jjai C_J_jjj\ J jsj (JjLui J (_£aLj 

Ajl I ■ iaj jj^ajjij Lit J . La^jle J_jj_)J AJ^Ix-s jjjjjaij (jlaJ l^lj La (J aJjl _j]l ^Jjiil £j 

: Jl 1 1 — 1 1.6 ALU-all Jl Jpil La liAj 4i_! jjjVl oltLajjl J CjLCLii.1 A-a!i L yiA 

+ -(P t -P j) = 0 (13-11.6) 

■* e * * * 

iaLLajl AljL*-a Jji=>J iCiifj i^JjjjVI jla3 jl Jlj tiaj^lo AjKII a!j£1I Jjalj jl Jl I jlai J 

: Jl 9-3.3 aISII 
v,. =v,. (14-11.6) 

:AjjI » ''II A^jjill jj£i 13 — 11.6 Ajjl»_all J AiJdill ajlA 

/> =P. (15-11.6) 

JJC. I JJ i i_j jjjVI jlS lj] jl AjlLLall A_a jlaiall <ULi. J AJjSx-o (jj^ (j' a (j^i 
(_pajL»jj A^Jdill ajlA jli cAjlliLa jjC- A_a jlaiall dljll jl i^LijJa (— 1 jH lil Ail 

jrjlll cSKia.VI ^Lia AjJj*. AiLL Jl axyKj.M AiLkll J5U <'ajLo .^1*11 

AjSLuLIlJ AiUall Ajjl j-a ALU* JLaxU Jli t jUmaJI J jJLLall ajlA ikVj . JjLuJI JjSjj 

:<1VI J^C. jjl^xjl j cAJLallll AiUall J jjxj J ja. j ^jt 

(I v f-±v,V-fc-^)-£4 = 0 (16-11.6) 

2 2 p v ' m 

:t*JL£ta.YI AjSLia kj i all Ja jjA (_5jLuy cV ; =V ^ (jl Jj I jiaj j 

-( P .- p ,)-Z- = 0 (17-11.6) 

AiLkii 

.^L^VLi Aj1uL1l.1 I 

AjIuLIlJI AiUall BjLjjl ■ - 'I ■ <a a ' al i aJ tLjjir .^il (_1 jfiVl (Jjia Jc Lu< ■ '-II Ja jlA J»-^l 
cA-ojlilall Jl !iLat ^ k«J 3 , LiLjal lj] .^IK'WSfl jjSl a ^ jc. (jajjaullj 2_<i jJaiall J 

: 17-1 1.6 <bL~ll ■' 1 
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Aio^ala Ajj^J 4ac j) ^fl L*jia]| 19.6 Jli^l 

dlljfraJI (jj^J jl (Jjj1uii]j£1I j a ujj) ^1 jj ' ■ Ujaij Ajj^lt 4jc jVl ■ '— J (_)■ aaj : AjLutA 
(jjSjJall .Ajc s-lcjll l^)Ja5 AJajLM j Jj S-lt j J^la .Jc. ialsj Cliilj (Jlij .Ajj^JllI 

• (l _ 28.6 J^ill) Z)j JJ^C -D 2 -^"J^ gr^ (jijaiall ^Sjxll jiaSj c Z) ; = (jlsjLoia 

(jl (j^aljaaLj . [4, (_g jl i gj j t p 4jali& (_JjLuUj tV j j»-^l <C._)jji (_£jLuij d <Jaij]| CS^J 

?d££II iliill 

c3 J 1 (jjjlaiill (JJJj '2j 1 (jiliaiill (jjj iaat ■ all (j}j3 L-lLmaJ J J^Ji aIAjla J «»"u nl 
(JjLjJI ii3 jLu iiV Ajixm jll <C.^)J i_jjjSj]I 11a ,j J nt'li ill .4-aJajla <lc._>jai]l 4jjA (jl 

:JaJI 

Ixjj jjj j Jjj ■ aJj (jl (j^-aJ - ■ iia II ^fl Ajj-aJI AjC-jVI (jl ■ — '.^yilljJUj JJC ^ 

dlfcjJI jl (_pajjii lilj 'LyjSJ <_SJ^ J is^^jC- J-i=L<i Olj l$j Vj it—ijjiall i-£k±L^ 
f.[cj\\ 2 - jj| l^jjijj .L^J (jj^l^jjjj J^c. I— ll i (j^y ^° liAj i^ljlxuil 
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-4.3 JiliaJl <bl*- m^j^ '£ jUJI lSjU^j m=S l^-WI tffl^ll ^iiSlI 

:m-28.6 Ji^l <J 2j 1 oniaSill J) jtilL .3 



m l —m 2 =0 



pv j 71 



Z), 



v ^ y 



-pv 2 7l 



= 0 



v,D, 2 -v 2 £> 2 2 =0 



:2 <Jaij]| <c.^ull L-iLuii. (j^oj t Z) 2 = 0. 1Z)j () Aijx^ (j^ j 

V2 (O.IZ^) 2 
v 2 =100v! 

^ (s'^\ ^\ j l5 jL-y o' 1 . <J^I ^ (g^l jjaHll Jo** J Jl I jl^j j 
Re = 9 v i D i = pJlOOviKOlA) = logy, D, 

|0, (J, |i 

(jjilakjll lie- (JjiJ lS^-^- (j' <_T^ I^Aj CjjljjUjiLo 3 J 1 (jiiLaiilt jj| jU'all 

I^Ll La (j}3 J 1 <iaij]l till jjilla AJV^J (jLiaxJj (jLjjLoila 

R ei =Re 3 = P^ 

1 kuia lil .3 J 1 (jjilaiill .Ait ^jJI lillj (JliLal o^jJic 2 3 kfljll .Ajc. (_)jj.J JJJJ J^C. (_£ jLjiJ 
3j 1 (jjllakjll lie. (j}3.ii]l (Ja*-o (jl lj.la.j3 J ^^jLu (jjlaxJjoLa (jjilljilj 

' ■ alj 4il j tAjj^JI AjC- jVI * jA La jljC. ^^ic. tLia-jii a (jj^Ls *— S jui 

<Cjjai]| <jjA (jl liiJaljjs! ^-o (j^ajlxjj A^ilill oik j 4j jJajJaa (j ajl ■ aa J 2 "Uaijll Ait 
t_ijxj ^jj| Cjl^yijll i a . aJ Ajli C^^JJjij (J^JI (jl ^-oj Ajl JJC. .<La jlalall ^)JC. A^Jallla 
(ja idl] (j^-oJ ' * ' "T~ B frLajl aJaa a ^jij I Ija li-a j A^j jaLall ^JCjVl o^ja.j^i Lpl 

tijj^ (Jaxi SjL^a Ajijia j (JjclLa ^1 (_$JjJ (jl Aj^Jaj iaxjl (j ajl i j| (fii XaVI (J^J^ 3 

.Ol JiiJI 
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© — 





CD 




.(o-28.6 JiiB) li^Cll 
y » i S (Jjli jjc. jAj jl jjc. laajj i^Sja 
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i(v 1 2 -v 2 2 ) + i(P 1 - J P 2 ) = 0 
2 p 

/ 3 2 - J P 1 =^(v 1 2 -(100v 1 ) 2 ) = -— pv 2 

:3 a U;U 

^3-^ 1 =^(v 1 2 -v 3 2 ) = 0 

La liAj C(j}3.ii]l oL^jLj laj i ia]| (Jj-aao (jl ' ■ la J c_!_aijl __)JC (JjLui (jLja. (JJa. 

SjQtKj^ ASUailj ^jjjj l^jfl J-JLui cjliuki 3.11.6 

(jjSJj (JjlaJ ^ Ss-U^ll ^gjjllft (jijljl J _aj^>J <]^lx-aj J Aj^bt-a 

< L» i all jl jjSJjll J3x-a jl ^lijjV dlljJXJ (jt CjLa jlx_a 4«aJ lijj .(Jjl_ajaJI 

.A-a jJalall ' flj^a j] j/';^ S Lulc. (jtiljlx-all (jljlA 

JjU ljjJ ^fl i J jfcua (Jflliil 20.6 Jii»ii 

^Liill j> cLaJI JSjjj .(29.6 jLill) frLaJI (JaL t-JjJ jxaJI JSuVI J jiijl I^SLuw 

t flj^aj ^jLaij) JcVl J g^ll 4 aaajt J] (0.05m UjiaS 1 i.ni ^ jLuy) o^tlall .Ajc. ^1 

iai^all jl£ lil .1 m aA^jill LSj^J- 0 OH ^UijjVI jja cjjl^jj .(0.03m UjLa 

UaAjc <c._)iJI (JxaJ s^clill Ajc jaj^UI la* i all jl^La jA La Ljja. UaauJa (_5jLuy ( _ s lc.VI 

^ Ijla 1.5 (_5jLuij 
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:JaJI 
. 1 

• 1.5 m/s J^" U^jfc <C.JjJI Jx=J f_pUI e^clil! ^ic kj ■ jail < Jm-J (l) 
.l_J jijVl ^ jk'-N t29.6 .all aAlo A^i jJaiall I-kki-all 

: Lillys j3 (I) 

.(Re =150000) 4«hTM ^jjh\ jic- ^SjW a^j^ a!& • 

• ^l jluoil • 
.Al\ J-aC. .1*. jj V • 

LI » > ia£fl 1 Jjla jjc. JjLJI • 

•P water =1000^| :^!^U,( M ) 
m 

_j]lj jj-«jllj till jjilall (til) 

.Jc-Vl j Ji^Vl ^ t_j jjjVl ^lij J ^1 top j base j^bhl! j^y • 

. kg, m, s, atm, Pa <J-*U • 
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jLuia. .3 



AjalLa jl 2Ji (JaC J ji. j ^.It I -Uuij 1 2 — 11.6 JjjjJ AJ^Lx^i JaiMml :diVjl«-all (I) 

e A/z +-Av + = 0 

2 p 

: I— iLma II (l_j) 

SJjlx^i 4 iajLal _jj <e^ui L-iuiaJ to^alLam 4_ojJiLa]| 5JL^ (jl (j^aljjal ^jic fljj • 

^base-^top =0 
PVba S e^bL-pV t op^,o 2 p=0 



1.5 — 



(0.05 m) 2 



= 4.17 



m 



AP=-p gAh+-Av 

V 2 



(0.03 m)^ s 
. -15.1m 2 /s 2 ljjLoli Av 2 AtjJI ^j-a oh tij^' • 

1 



= -1000 



kg 



m 



9.81 



m 



s 2 y 



(-lm)+- 



1 



-15.1- 



m 



J) 



= 1.74xl0 4 Pa 

rSJcUill ^jfc k» i all 111 J.1a.Ij Uja. 1 i-iir .>i (^IfcVl (^fl ^.1 ■ all (^jLaJ 



AP =P -P 

1 base J top 



^base =^ t0D + AP =latm + (1.74xl0 4 Pa) 



base top 

= 1.17atm 



latm 



1.013xl0 5 Pa 



^jLjjj LaAic Aajlfill Ijla 1.5 S^tlill (JjLoJI Acjjoi (jj^J :i_]ljaJI (I) 



636 



1.17 Sjtlall JUC k» ■ all (« jLuj jl tl.la.lj bja. Uai^a Jc-Vl J i all 

. L|_ja. 1 laj > a 

jSf (jjjiaJI ■■■'» liA j 4 ( _ r lc.Vl (ji laa i all j&\ oJclill Ajc Saa i all ' (jSaJjll 

iilij IjJ^jaj jLojj Ia» ■ all IjlA jj£ . jju-al »^lai Jl AltajjV A^iij 

. JjSx^i liA j 4 JcVl J kiuJall Jll 

a > aa. i . ilall Jii«Jj .(_£^i.l <UI jl <auJaa 4 U,„ljj "LojJiLall *» a L aal (J-at Jij j^-oJ 

^jll elLV ■ ; llall AjJIjj (_^ill J-axll (jLjjVI jYljxll (JJJJJ .AjjaJI ajj^ll j^.^i i a* jLajVI 

.^11 (j'jj- 1 ^Ul j '^jj-»^1I SjjJI J Ijjb 

lJaII (| ill J-*l! 21.6 Jlltll 

Cooney DO, j* 2 mja *) ^iiaJI ,J Ijjta ^\ • . ilall ajJjj ^ill <J«*1I jja :4Jlui« 
Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 

■ (Mass Transport Processes, 1976 

:JaJI 
• 1 

- ■ "7 II J Ijjb i—llall 4j j» jSj ^ill (Jxutll i— lioia.1 (I) 

.30.6 JLSD J j^ : «fl (m) 

: LljUiJajS (I) 
4 alalia a ■ "7- II jaj-a i$J^ i^-^ At^ui AjjA • 

. AaJj .laJj (JaO 1$j3 j "LojJaiall • 

~ i all ; jL (_^ill (_Jiil J 4l<i$_<i -sK'^Sfl jjalia • 

.O^iclaj ^.jj V • 

^liijjVI Jc £jj 1 ; ilall Jalaj £-iaa. j) ^i) Ala^a ' . ilall J dilclajjVI CjIjjxj • 

Ul ; , v.'iM j ,_Jjla jjc. j ^ jl jjc. j>jll • 
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V 



blood 



= 5.0L/ 



mm 



p blood =1.056kg/L 

i ■ llall AjCjV AjijLiJa^jxJI ^JaULall Cjla.Lui« (JLsxSuAj S jj, aa a3| ^Jl jjSJj Cjlc^^ 

.13.6 JMI ^isU— 



C5> J^' U^J-"^ 

OPJ J) 
jjjjj j ujlu 15 




2 j ■<...■*. II - i aa SI jlila C-ljU. I ■ lljjl j»jll <jjajj ^UUjIj Ja ji i :30.6 (JiuJI 
• j'- a^Il .^jli (jjL AlUaxi 4_JjJ^)]l <La ^jalallj t|Jj>alc. (jjL (J^-° 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, 
Heat, and Mass Transport Processes. New York: Marcel Dekker, 1976. 

.(jjjjj j 'ajlja 15 I^jJjll jljjJill 

iCllAi. _j]lj jj-ojilj Ol jjilall (til) 

.^jjjII ajjjII :pv • 
.i_a j^Vl -iJjj^l :VC • 
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.^JJ jll uU>^ : P a • 
• kg, cm, s, mmHg, L, hp :J«jJ • 



^ lib J i— l^j UiV a-9 — 1 1.6 <xlij*ll aLI*^ 



i— iLui^ .3 
(I) 



JaCj kiuJajl jhm-J 

(g h i - g h j )H\vf-\v^ + -(P i -P j ) + T — -ll L = 0 
2 2 p v ' m m 

I^L La J] .-*K".^S/I JyilLaj ^lijj^l CjIjjxj ^l^xjl <hl*-ajl oiA JjlaJ • 

2 2 p v m 

(jj^jij lj& j»LajA*il (jl I _jiaj (j^l .AjoiILo Ua j» i ia 1 j L a _jj sUax^i Ja jit i iall • 

Ailla-o ia ji^a ^1 Igjjjaj ^jjj A^la. V I i all 

V 2 pv 2 a ° p l pv a ° ; ^ m 



2 v 2 



13.9 



cm 



33.3 



cm 



=-457.8 



cm 



-(^-^0) = ^— (6mmHg-95mmHg) 



1.056 



cm 



1.01329x10' 



dynes 



cm 



760 mmHg 



= -1.12x10 



5 dynes -cm 



= _1. 12X10 5 ^- 
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shaft _ 



m 



-457.8—: — 1.12x10 s — r- 



2 A 



= 1.12x10 



,5 cm 



J 



W shaft =V p 



1.12x10 



1.056 



,5 cm 



,2\ 



V mm y» 



V 



1.12xl0 : 



cm 



2 > 



lmin 
60s 



lm 2 



10000cm 2 



=0.986- =0.00132hp 

s 

(JaC. (_5jLuijj .4jjj^)1I <La jJalall <UVI (JxC L-lLuia. (jja. 4j£_)aJI AiUall JLaAl 

•W shaft = 0.166 J/s = 0.000223 hp ^ J j3isJ ^ ififl 



^ mil 



jllo jJaLalt ^jJ! Jxxll £ ^aix AjjlJj ^jJI Jail <J«JI <_5jLuj :<_sl jaJ (I) 

.1.15J/s=0.00154hp v A aI^SjAjjS jUj 

lil^a-o 4 cl jadjqil (jl cp jj^a j-all (jialA Jc- ciaa.V .VjSx-o lijlja. (jj^j 1^1 ' ^ j ' 

3000 jaj (C L« J '"SiJ^-^ 4jj-aa.l 5 Ja. (Jj-oj "Lolxll ■ ■ L*-\\ 
jjal jl Lalt 80 oAa jlj-aioilj (_UutJ V ' ■ buutll *L^all*aii jjal . l_llkll if.l Jaluil (j-a 

!4aJjiuil 



Ajj-JI S jjjH ^ <&S3att\ ijali* 22.6 JlUl 

Cooney DO, (j* 2 ■■'.*'« «) ajj^jJI ojjjJI JJ£ J .^K-uS/l jyalLa u^l :^ILut« 
Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 

.( Mass Transport Processes, 1976 

(C jjaj (jl ■ -LaJ tA^Loi^l! oiA (JaJ 8 — 11.6 Aj«jjj-a]l J^jj^j <ljlx^i (JLoaliuil (JaJ (j^i : (JaJI 
(j-" 2 j 1 (jJJjlaio UJaLuC.1 jUaj l.il ciaiS .laJj r- __>a.j .la.1 j (Ja.,1 Jc <La jJalall 
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(jlfLall 2 £J=J1 J 1 J-a (ji J) Ij^jj -(31.6 (JfLill) 4jjx>Jlll SjjJI jiila 

*** a 4jUi,,n' CjL_ial jja! Siu jsLiill (j^M fU-uaj LiJJij 




Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes. New York: Marcel Dekker, 1976. 



2_Lal£ll 4iUa]| jjS <jj^J 1 11 J l 2 J 1 (jjxij^ll ^lijjl (jjj (JjS V • 

.ia j^o A£ p 4jc jjll 

aj£j^JI AiLkll jja jjSLi lilj t 2 j 1 tjnViVill ^a ^1 <J*-j^ ^ Jjja ^-jj V • 

. La jlaut AiJ^, 4jC jjll 
AP/p (jiilall tJ-a*JI OJ^! '2 J 1 (jjoJaSill ^3 (jJaijJall Jjj JjS V • 

. La jJuua 
.sjiLoixi "ULa. "LajJaiall • 

: jjel\ J aJjIslx ja^juiij (j^aj 1 11 
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Ajj-oJI ojjJI <La jlaia J AjalLa jl Aaj c2 1 .6 (JVj-all J ail ^jSII Jl aatluilj 



S^ shaft =Z/=°- 00154h p 



a ^tlHuil lik j . i_llk]l Alii) (Jxxll "ujajII ojj.jjl 4_o jJala J tiil£ja.VI bal 3 a (_£jl_uij 

e,ljj| ii3l£ja.VI AjtjLjall "JUall (je (_pajjxjil jl jaLluL (JaxJ jl Jc. (jl (jjJJ 

(jl JJ-J eljjl I&jjCj 1 iUaatjVlj t ■ a ib'II l_UjluJj 4^.j1I (jajj 

lilljj 4<La jlaiall J] AaUa IaC.1 j' iall j ^cjjl iallj ^jl^allj lIjIaj iaall ' SJ i aj <S<-.1 i. J 
4_l>Ij1I (J-axiuij Laj3 4 (Jjl jmll l_jli -1v<tt J CjlauJa^ll (JaiMnn . (JjLuJI Saa ■ '— SjU^ 

C-llaluial "iajlsll JjI _jjJI J (Jj-aaj ^tiCuyi AialLa jl J| 4jjjl .Cjljlill ( Jaj (J t£ja.Vl 
(3&JJJ (jl (JjLuill (j^-aJ jll 4iLuiall JJJJ jl jilaJ <La jlaiall Jl "lauJaa "laLiJal jli 111 4<UjjIa 
Ij'uj ' -j a i adit jjjIx^i jkaj i 111 d jailuil « ClAauJa^ll ^ i. j . j-ix_a J ' '•"* (_L>I j-o Lj-l^Li 

.^jiJI jLij J (JjLuill Uir . >i 

-fc*' J i^lauJa^ll (JxC. jl jC. Jc. till jlxll «^»*' J IaC.1 j' iallj ^cjjl J all j ^jlj-all (_Laxj j 
4 ajia jll (jl . C-L^ljll ClWl jJJ La J jLjJ l-» > a o-jUj (Jjljla ( flllkj lilli ^aj .£jl j-all 

jja> j .laaa 4 aji U U» , ^- dll jjxj JjljJ J^ £>J.jla ' jljtll liL^pj ^^A A^j^all 4jjjjjj1I 

L$j| JJC. 4£ jlj-a]l5i ^tjsLiall (_La*J .^liiall (Jl aajtml (j^aJ t jlxJI laa i (j-a Aj_^a ^1 A^LiJI 

.o-lLc- JaC.1 j' (J air'u uJ 

(J-axiujj j jlklaJI |_^a AjfLijLfLia 51Ua AJI j*)/ (^1 4AjaiSilx^i i ijl Sa j (jj^A-J I i '— J dl^l i?. JJ j 
jl (JjLuJI (jfLaJ i'^Jm ."JUall (j-a ^ _jj AjSLulllaJI jjLa]l J jUJI Al[L (Jjjaj] dUjxll 

"JUall oiA (Jaxj j .«Lj^)^£ All jj ^ laa a J (jLi-ui (Jia ^ AjjI ja. AiUa Jc. J ■ aa J 

ISi^a-a JjJ-J JJ-^ ^ ^ AiixJI jLiJI (_L^Jjj 4jLij JJ <L_«aj] ^LaJI (jja i jj Jc AjjI_)^JI 

(32Jj 2JLL jA JLiaJI lift J jU-JI j] .Ajjtijg£ AiUa Jj "JUall Jjaj Ljj Lkijj-a 

(jl ^J ^ a i a a (JLaaHuAjj .AjjLi_)^i\llj AjjI^pJI (jjjaUall (jjj I laJ i aj (_Laaj ^jll (JjLuill 

.(JjLuJI a U,„ljj Ia^)JC- *u£Ujl£j^aJl 4 SI lall (JSu (jSlaJ 44-ajlilaJI (j-a (jjLLSla (jja^jla J ia.lj 

LujSj (_J jja. (JcLia (_jl (jl .CjVVI oiA (jx I JJjS ^"'1 ■ -"II j <jjjaJI AaJLn all ClllAi. j ' ■ ll laJJ 
(_J jfij-aJI j^)Ja]l L-jLa-Ja-o (J<it"iih"i j ^ ■ '— - Jl I ■ ^Li^J liAj 4 j a"i i a a (Ji>J jLij Jl 
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.Ajj-aJI 4_1C jVI o jjlaia (jAJJjllj i ■ llflll J - jll dlVVI /si a JJ» ■ <a ■ a Clll jjajj J^utJ Jill 

4 ■ " jnir j (jLuiiVI 1 , dllij-al j-o (jK «V I J^aj ^£Laj] 4 E a AauJaa jA ^cl li all 

.4j|j> .laj 

AjjjaJI ^jJUaJL sUaII Ajiu 23.6 Jti»2l 

methyl tertiary-) JUj Jjj JAia JyU ajs jaJ sl^all (jlali* difjli :4Jtui« 
Lj^ <i^£s *U c£U£U Ainll Aif^L jul^I ^ .(butyl ether MTBE 

AjSjiaVI CjLjV jll I— lLa jSa. ja i_aSjl jl (j^alS jja. 2000 fit Ja. 1979 ja U^J 

MTBE ILi AjjU bLJI j> 4a. jVunall i-ij.ill dLw 

^3 jtllxjj AajJaa (JLaxluAj ClljLall *Lall ^ J'* - "' 1 ",' ' " Ua tA^Jlx^JI j ■ all ^^Jj Aij^Ia JLaxiuil 

(_J ill (Jxxll ' -b aa I j c(32.6 (J*^ "til) <La jialall ^St I ^ laia a j s-Lall ^l^aJiuil jjj (jl (j^ajasl 
ijih^I IgJaJU-al ^ La i J Jl AjSjaJI eUall *ijl <_Sja.YI Cjljjilall AJV^J 4jk^aall aJLj 

J jaJI jl jaJI LaJS 150 t>aC. Jc. Jill Aj3 jaJI oLall £3jl 4auJaxll ^ill (_U*JI 

J Ijjllc. 80 cj^jj (Jauxj ^- L i .'li Jj dil inij 6 .j^ u-^j^ ~^* ,m < 

.<ii3Jlll 
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:JaJI 
^mV'i . 1 

.^kJI Jl ^ jaJI «U]I £3j] AjLj^all Aliij ^ill Jxutll t j.a^l (I) 
jJaiall UUA. " 32.6 i all J$iaJ ' (m) 

: ClUja j3 (I) 

•(^out = 0)' J^-= L£j^! J jj if J^l J* (J- 3 jVl £elm 

• (V in =0) AjAJu eJaJJ JjJI p 15 (j-a L_!ja3Lj «.Lall lilj^JJ 
.(J-a^-o |_H3jVI ^Jajoij jlill ^la ^^iaijJa (jjj (Jjill 
.A^Jallla ^)jJI ^ <£^uJI 4jjA 
.^1 jluJ jlJI 

.^jiJIj (J^JI oAi^j (_jAj '~^)°"'' "ULa. "LajJaioll 
."Lajlalall ^ ClLiltlij J - <a^J V 

y ; i i jjii jjc. JjLJI 

^ jLiJI (JjLuJI jjJI * J^VmII (JjLuJI ^ jLoij 
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•(p in =P out =1.0kg/L) 

IlIiIa^. jllj jj-a^jll j till jjxIaII (dl) 
OM? Jjhll J^AiJ '<-a jliiall tlTjLall stall lKAJ '*\r> JjJI £^ ifl Jjhll Jiij • 

.^J-a^ill (jl ji. Jl jjJI jj^i stall (J^H) *— ^ U^J^' jJ»"i J) 

. hp, L, s, kg J**2J • 

i— iLuia. .3 

j i j! 1— laj LiiV 8 _ 11.6 <*Lja1I aJjiLh-o ^ 4-a£tall Al-ix^ll :4htt-all (I) 

:a}\ J-axj 

m(g /*,. -^) + m(iv, 2 -|v;) + ^(P, -P. ) + ^ shaft -2/ 

(j^oj tl jq.^i jjLljLuiJ _aaJI stall (jijjj ^^Jt^j-all ^lijjVI (jl tulal jj3^/ La3 j • 

.lie. , j iU» , ^-1 1 (jja J li^l Jial Jl I jiu j .Aj£j=J j 4ial£ll jiiatkll Uj.nn 

(jjAaJI ' '«*>■«■ (j^-oJ <4j<K"i-».I lial a * <LaJ (jjill 4jlj t(J.ng * JJjll ^15 j (_pajVI ^Jajui 
L-ltmaJ 1 ^ liJ j* oAc\ (j^-oJ (^jII AjijjijaII Jjj^j <ljt«_a laj ajj IjlA j I ** ; ^jj i^aLaJI 

I^L Lai Uttj aJVI (J-aC 

mgh in -^mv D 2 ut + X^shaft = 0 

(Jia-a 1 J '4j3 jaJI oliall ^l^jiioil (3?J (j-a 4 , U.^1 (_^ill (JxxJI L-lLuiaJ • 

L-ll uaJ j . 5.05 kg/s <^A A^Jdill j t^a-^ll (jSJoll Jtl*-a (j-a stall Jjaiill 
.4 — 2.3 4j.sLt_aHj AjtiaLa "Latum L-lma-j j tijl jU, ,,l ^ j-*. *ll j m j J^)^-ll Ar-^joi 

. v out = 0.277 m/s <r jill a& is ^ j 

it_lltui ^lijjVI (J Jaa-V • JjJI g-_la qa taJS 150 Ait^a ^fl stall £3j I— l^J • 
<liu Jxutll ^jtay .^-UjjVI ^J-a jA (J^J^ C^" 1 ^ '^in = —150ft <jj 
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(5.05^) 


f 


f m^ 


(-150ft) 


r 3.2808m A 


1 




2\ 




9.81— 




0.277 — 




\ S ) 


V 


V s 2 y 




2 


V s J 


J 



= 24380W = 32.7hp 

(j^ajVI ~S-,„ Jj jjJI ^li jj^ J.L.JI AjkjJa-all AJiij ^ill (_U*JI ^ k«J :<_ll jaJI (I) 

UJ^ J S-^J •E^shaft=-^(^^in- 1 / 2v out) 

. LljLij 1 jl ■ 32.7 *Lkj_ia«a]l 
oIaaII (3*C Jc. AAjJa^ll ^ill jjaxil -1«jaj c<Lol*JI -lloj^ojII o-iclal lis j ' (jSajjl (< ■ ') 

2JLab<i]l oi& .JjJI i— iLulla j Ajili-aj JjLuill Jjajj Jix-o Jc-j t<ja_jsJI 

.JjVi r iu 

<Lo jlia j jl all j ' . Ujl iVl _>JC (JjLuJI (jSJli I aija iill£ii.VI ^Sl ° * Uiij 

.uJi s^uvi ,j jlji ckj*. pial J,-^ jl ^l&a^l 

. cl^Li^j^all ^jx liJli jjc. j J^aJt C-cJ- 0 JD^> £y*J tCjL-aklllj £l|jJLaj]t 

AjjJiill JIulLoAj CljjL jll Cll£LxJI JLmluiU c*KSa.VI JJilLal AjLaxll ^JfiJI jj^Sj j^oJj 
j ojI i aa .lie. AJV^J / t*Sl£ia.VI (J*le. J- 1 ^ i— il£ilc. j (j ja. jSa 4-Ujjaail CjLuAjall j 
<aJam Ajjmi-n j Ajjiaj l_1 _jfjVI j Ali^j^lj (JjUI a i ol& (jl (j^-oJ Jill "LajJaiall 

(J^miII (JxiljC Lijj i a l'<^ j| L_l_ajjVI (J*N in J (jl»'Vi (_ixil_jC Jl 4iL_iaJ 1 4 J L i ajll (JjUJI <c.jajij 



.(!ilj-<i (33ja1I) tllUIajiiall j 

(19-11.6) 

Re 



r jfi,n n J ( 2100 < Re < 100000 ciii^) jjUJI J <_s jU.^J Jajsll Jj 
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r 0.0791 /nn , , „ 

f = w (20-11.6) 

(Re) 1/4 

.(Bird RB, Stewart WE, and Lightfoot EN, Transport Phenomena, 2002) 
Jft ^l^VI Jaall i_iLaiaJ ./ ^ISi^VI AiLkll jSsj / &&^t\ J-lc. i^j jLaj jSiu 

4aM*JI (Ja»* in'i " -1 J la * ia a (jSJj - j«* ■ a a L_l (J_jla 

- = 7<v> 2 ^/ (21-11-6) 
m 2 D 

l&utfi tihltl ji*JI LLA dl^V! 24.6 Jlitfl 

(Pmdhoe jAJ jjj gjl* qa SaaaW j i\£uJ$\ <ikla] JjUIl iaijll (_1 jjj! ^ J«t"ih"i :*UtuL4 

uU,^ t^jJaJ Jc (Valdez) y&s ctixa is^vV Jl^ll JaUl Je. Bay) 

l J±Li\ ^ji-aVl Jaiill (—1 jjjl <aJ Jaij j .HjaiVt jlaS JJC Jj^i 800 AaLu-a flaJI iaiill JSj] 

(jc. (j^ajjxjll j^UI ^JVI (_Uc JJSjjI ' " i a ■ a a ^^^C l^j-a (JS (_£ joaJj ^jJa <Jaa_a a juir. 

(Jjt u£ ClliLaC. ( £-a (J^ixj dlla-i ka-oJI JJc ' ^1 ^ iill£ja>.VI AjalLa 

.Lilian 1 ^ ^ J jLaj (Jaijll L_l 

j 

^cja i ^ .ALjia AiLa-a JjLJI ialiaJl 2JI JaC l£uiVV laijll L_l jjj! ^^iaj 

dlla-i iaxll J _aa. _al {_ja±sj$ j^)XaJI (jl Vj tplijjVI (-3 Clllaitia.VI J '— » j (j a i iaJJ <_1 jfiVI jLuia (jl 
.(-JjjjVI (^ iiSl£la.VI Aiilia L-bota.1 .Jaijll (jjiii cLjSI AiSli-a (jc. L y^yu\\ jA 

. 1 

(_j jJi SJajoil _»J ^»UJI Jaijll JSi (jc ^cjjj (^1 AiSli-a I— lioia,! (!) 

.iaiill UaJai^a 33.6 JiiB J«iai ! klaa, al l ((_j) 
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04^ -2 
CiL^aja (I) 

y » i s jjc. JjLJi 

. 4.2X10 6 ft j Of- 800 jjSfl J > 

jJI ^ji ^Ajlaij Cilia. j**'") L^Ji UJ^° 1-3 "T~ "-^ (J&Sill (Jla-o 

.0.5 lb m /(ft-s) :AdHjJS3B Jatil A^jjl 
.51 lb m /ft 3 Jaisll yiSS 

. hp, gal, min, ft, lb m J**jJ :cj|^a jll j jj^ jll j cjljjiiJ (o) 

L_lLuia. .3 

s 

■ IjjU.^i^ Jjajjll jl£ .Ipaj] 1-10.6 (j^JjjjJ JJlC. <Ll»-a - ^'..■•« (I) 

AiSU-j tSKia.VI J-U jU-jV 21-1 1. 6 j 20-11.6 p Wi„.w 

_ 0.0791 



1/4 



(Re) 
m 2 D 
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: L-lLma II (v—i) 



V = 



1.3x10' 



barrel 
day 



42 gal 
barrel 



V 



v =(v) = - = \- 

X 1 A 7t(2ft) 2 



ft 3 Y day 
7.48 gal J [ 86 400 s 

ft 



= 84.5 



ft 3 



84.5 



ft 3 



= 6.72 



Re = 



pvD _ 


( lb ^ 
51 ? 
v ft 3 J 


( fO 
6.72- 

^ s j 


(4ft) 




0.5 lb ™ 





= 2742 



; jjjjlLaJI ^^ic. JjfiaJJ ' . 'jk, axil Jja.ii]l "ULi. ^ <LaaiiubttII maj 

= M 91 =M 91 =omo9 

(Re) 1/4 2742 1/4 

21-11.6 *1>1— S ^^Sll 



/ 1 

J — = -(v 



m 



2 4L„ lf_ftY4(4.2xl0 6 ft) 



-/ = 
D 2 



m =pV = 



6.72- 



4 ft 



(0.0109) = 1.03x10 



ft 2 



:<JSJ1 (jailll Ji« V j Mnni t <^l£^VI jjSILJI jUjYj 



51 



ft 3 



84.5 



ft 



3 \ 



= 4310 



lb„ 



1.03x10 



V 



m 
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ft 2v 

1.03x10 s -y- 

s A 



4310 



lb. 



lb f s 2 



32.2 lb -ft 



1.34xl0' 3 hp 
0.738"^ 

V s 



= 2.5xl0 5 hp 

2 r rt-.t l .4 

250000 ^ l^VV jjUil Jai^ll ^jd ^ 2LJS1I cjKia.VI j£U- c?j^ Mjs^ (I) 

CAL^a 

(j^aj 111 j t(_JjLij ^jl ■ aa 18000 AauJax JS jl AcLlaluil ^lfjj dllajJa^ o^xj 

j l^aa 500000^ J^>j J iaidl dj^> ^ ° jajlxJI aJ£3! s<-. iU-,.„M t 

^K'UNfl AiilLo Jc. (j^ajjxjll Jaill! (_! jJl <a jjiial AaUa 4-aJ gt ^1 .[4] ijj^ 

■ ■ lUajLj ^^jll (JjaI a-all o.l}xILa]l -Uiiti Ja. (j^a j. aaJl ^^ic. .Ilia Ut-o ClV^la-all iilSj (JLaaiuil 



jija jjli 25.6 Jlidl 

(j* ^jJaiiLa ^jjU Lot > laM JJ*J cH^^ A-jLjalioli ^* iJall (jjjjjlLa (JajLIuiJ :4JLua^ 

c&jJI ^ jliJI (flow constrictor) JaJSlI Jjli. ^ Jab . jiJ Jjjfkj ^ j ^ jj^. Jc.lL. 

(jJjS iSJ^i iS-^ (JjLuJI (_£jLuijj t ja-a 0.3 ^ jla 0.5 (j^i L_l_ajjVI (j^aSl Tn .34.6 

ji (jil jialj . p m =1.3 g/mL U i. ^ifl JjI^ lSj^j ' p f =1.0 g/mL 4)™.^ 
^^Ic 1 giLu Lj ' . i^j ^^lill AjaaVI S j^ll 1 ; «■"■>■ I i jia 0.3 (_sjL->y (jjiLiLall (JjLoi ^lijjl 

. I jiLoba AjILV JjajGll (jjLa. 

:JaJI 



.IjSL^a (JaJSlI JjU. *Uby 4-«_pUI ^aaVl S jSSI 



0 



.JLill 34.6 JLill riakkJ! ( M ) 
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04^ -2 
: cjUiJaja (I) 

.4_<daii<i ^3 (jSJCLall (JjLJI Ac^jlii AjjA 

jJiiall Ail Jxxl J j=>. J V 

LUlj a£U JAa jjc. (jaiLall JjLJI 



ft! 



pf = 1.0 g/mL 




jj^J^ J till JJxlall (d) 

• kg, m, s, N iXuHJ • 

1— iLma. .3 

JnViml i\jTuaA (J&SA] (jjU. Jx=J Ax_pUI AjSaVt S jSIIj IAxUja! J) IjlaS :ClV^l«-aJI (I) 
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' lax ■ al\ qJiJLh ' a j] 4j£LJI (Jjl jl.iII <U.}Lt_aj tJjLuill ' Ll ■ ^ jjl 1 1 — 1 1.6 J 



V m ; v* - V m ; v*, + V F = 

(«*i-^) + (|v l 2 -|vjj+i(P < -P J ) = 0 

p^p^-pg^-zo 

: I— lL aa II 

5JU. ^3 4-a jiilaJI (j! I jjii j .Jaia <iaaVl a Jill <jL*a. ^tiaj La • 

: X alajVI j»a. jll Jaliail ^iVu.n 

™A V A ""V^ =0 

™a -^ fl = P/Va A a -p^v^ =0 

7i(0.25m) 2 v A -7i(0.15m) 2 v B =0 
v A = 0.36v B 

Jj^jll Aj^jI 9 — 6.6 4j£LJI (JjI <]jlx-«i (_L»2uij ( la* ■ jail (jjiULa Q-aaJ La ,j j • 



f kg 
1300 

V 



m 3 y 



9.81 



V 



m 



s 2 y 



(0.3 m) = -3826 



kg 



ms 



(JjLuJI ^lijjl JJ*J (_5jLuli _jj^>J "Ujlx^i (JLa*jjoiLi <_1 _afiVl (JjLj dll jJilt i -b aajj 
Igjjj Ljj3 <La _«l*-aJI ^jflil (j^aJjxJJj .Ajjlx^ill Ll. ajj La I^Aj tl j^l^i J^Vm!! 



652 



<v 2 A -v 2 B ) + 



p -P 

1 A 1 B 



\ Pf 



J 



^ / 2 2 s., 



f kg ^ 

3826—^ 
ms 



1000 



kg 



m 



0 



2 2 n sr™ 

^ B -v A = 7 - 65 — 

s 



I^cjjj =0.36V B (J^aJjaJJj 



m 



-(0.36v B r = 7.65^- 



v B =2.96 



m 



v A =1.07 



m 



s s 

: ( _ s Jj£ll J}3.ii]l (Jia-o L-lLmaJ jj"«"- j« [_gl (JLaximl (j£-oJj 



1000 



kg 



m ; 



1.07— (ti (0.25 m) 2 )=210 



kg 



m 

s J v s 



= <( v b -v A ) = 210 



kg 



2.96 — -1.07— =398 N 



j jjj 398 I jfiiiia k« i all ^-O^ 4j£aVI S jill ^ jLuii :i_il j^JI (I) 

.^jiJI jlij al ^jl j jjjj 
liljai (jl i ■ t jir > fit ^jjai Clllj Ailala ^1 (JjLuJI (JjSJij * (JgiLaJjll ■ ') 

is J! 

(jLS J] Ijkij -AJjIII Jjai Ji** <-oj3 ^k. JiUaJl 

(j-a t LlLaC. ( _ s ic fUj oj£]l (JUaa Qc. I JJ ui J jij jl ' _a ■ all ^j-a 4jl VI 

.Ajj3 ^^£.1 4 » ■ '— J JLaxiuAj (4jlij s^)^! 90) clPj^j 398 Ia jljlLa e j3 J},'.'^ Jig "ill 

4 .a u Jl SjU 
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<jLal£j j 4-jL '— 1 3j CjJAx^li i_Sj\j$J /g^aaJI JaliaJl Ac.1ji.-i jail (JJJJaJ J 

.AjSLui (Jjl^yui jl 4 j ■ al a -1 ■ ' Clllj 4j£Lui a _JlHt "* aJajj lal °^ ''VI dlV^la-al (jlsjilaj (jia^jij 
"Ula. ,j S ^jU'i^ll jxi. j 4ja,jliJI (_j jill j 4 -j ■ 11 ojLJI (Jlajjl Igj JJXJ ^^jll Aaj^jia]! ' " 'j ■ aSj i "1 j 
Ajj-all CllLojL-adll j 4jjl j-all j_g jfill (j J Will i_g J^. j SjSlubttll JJC. -kill j »j?i....»ti .U.i\l 

^a.jll laUa j| AjjUu jj^i cllUjll j ^jjliill (jj JJJ Lj _jj1i ^jaluil j 1 ■ jlij'VI (J- 0 ^*- 0 Jjj 'Alilllj 
J^C ' °j_;»* jLfJ^i J ' . 'jl-. a-all (3^Jj]l j j°- -all J}3.ii]l ^3*-° J ** ' ^ <-^VlaJ ^ laa 11 

<l^lx^i j 4 j^j'iKj^ll 2 SI U1I aLIx^i (JLaajjoil 4jiLi£ ' " 1 1 ia j»"i i "1 tljjajj . (jjjjl >yj 

t 

(jSJj jjaj (j^ (Ja. J ^a. j]l Jaliajl 



■3 j'sjiKjall AiLLJI j <jjl ^bl** f£l jjJI j lid^VI j aa1jj]I j aSj^JI :3.6 JjA?J1 



lib^iui - 


+ 


E> - J»J 








^JOj J-JuljU "i^La (JUajl 










4,jt, > .i jail 4j> -il ^ 11 


X 




X X 
X X 
X X 


(jjl jll pijll 



(JlSuVI ' ; UaJ "Lajlalall J La£ljjj (jl (j^aJ (« jl j^lj iaa II (jj-aa._j]l (jl 3.6 (J j la 11 J^jJ 
' ■ Uuj "Lajlaiall J (»^ljJJ (jl ^ j<iiKj^1l SSI UU (j^ojj ."Lajiiiall JjAa. JJC - j i aa II ^^Lall 
jJajl 2 SI U1I ^l_jj| (jjj La J jaill l_1±luJj < 1 ■ '— jl "La jJalaJI J j^a. _)JC - j i ua 11 (_£jLo]l (JISjjVI 

.AjjlLall (Ja.i qa (_J ja.Vl J jj^aiJI (_>aaJj J jliaJI 
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145 Upl£ sjS L_flia ^^aljll laj i aj .4_ljlaJ ajj.ll aao ^g-ajii]! (J jjjnll (Jjjja 'tO'"^ 1*6 
lllj-llc. lil j ?4i jiLJI ejlll ^U-^H JjLa La .4T.LJI ^ !}Lva 90 4£.Jjoij Lai jC. 

?lgJjj-a ( _ s iaiJI Ig-Ai-j jl^Lo jA La 4<C.LaJI ^ (JLval 1 10 Ac jjoij ' . 'J L --"^ ej£ll 

(J j.^ij (JJ^j -4-Jc. -La!>lc. Aj^aLo 4jjlc 4^.1 U-iVjAj ^1 jC. 0.50 LpliS *1 ■ aa dlL ajll 2.6 
(_£ jLojJj JJ"- all Jl 4 luulU <C.UjJI (JLj-al 10 L^JC^ui (jj^J ilAjLaia 'a jji >1 . II 

(J ja. oL^aiil (_£ jl j$ J ls^ 3 ^ J ^* J* ^* • ^^jj 8 S-lV J^ll _>ia2 ' 

?<_jVjJ JJ^-a 

ail i a ^lijjl (jc. - ^ *'j jAj ilcjjii ^^-aaJI L_lliuil JJ^I (j-a (jjj^l «-La]l) (JJ^jll _J 3.6 

"ill U» , '-.II ^j3j '(jjjjj Jl"' *A * 17j 13 (j?J ie*Jjia3l (jjAiaJI (ji*JI laa ■ a jx)3 ^Sj .(jJ«JI 
^j-aj^ij <jjgjj J l^'Vil j ^AL_aj^i (jjjxll sLilal (j aa '< lilj ta^jJJaa (Jj^jj j"' "-'I.' " 20 <_ S ^C' -^jjj 
liljl^u Up| tjjxll iai^a (J-iLia] Aillk-a ClLjij <-a!i . (tonometry) (jJ«JI iai-^a (_>Aja 
^Lj IxJj Aiwajj (JjjaeJI Ia» i a (jjAij . (jJJtll ^^Ic ^ La ■ '— 'a j3 (jjJJaJ (jajjajj oAa.1 j A <uiii 

.Ajjjall 

jAj .-ILjIall tililj (JJJtll a» ■ a (J-Ajal aaJLa jlfra jA (Goldman) jLa-JjC. (jjAjLa j 

'aj£]l jl^La jA La .ejjoilia (juill (JjiaMj Clll jlajiia 3.0 *' Lejlaa (_£ jLoiJ AjtlaS (j " ■ aJJ 
<a]ala ^ -j^ ■ a (j aa. ■* (jjc kj ■ a <jjlj^] jLjjaJI (j^i Ajtiakll lillj Ljjjj]aJ ' ■ lap 

^o^Lill 

1 ,„ Vig LuaL cilji. aj CSi\ j .(_LiiJI «.Lul Sail (JLujI ^11 (j^i e> jl.iiII ^j-a j/'^ j^i uij 4.6 

tj"^ II s-Lul lilL-aj^i (_S^aJ la (Jiuil ^^Jc. AsAuiW ojall JJ^J CjjjS cLuij-aia I J jja. 
^Jaj Cd! j .(35.6 lK-^) lSJ^' j J-«JI <Ji"^ t> 4jikall ajaill ^3 liLLajAl jSjj j 

^3 - ■ "7- II (jjj (jjl JJ jaill J j-aaiJI i ala. (Jjia ^^Jc SjIxlaII 4 «j n j>i]| i " iN , V.»ll J 
CjL-aljjaVI (j-a ^ jij c^KiLall o^A (J^Jj .*lAa.Vlj jAj^all 

.AjE ojjj] 130 (JaaJI (JjS aljJI (jjj jl£ • 

V) (^1^11 (» ' A (jjj (j* %55 AjIIjII Ajlkall Sjaall (jja VK B ^maJI (jjj (^jLuy • 

.(<Ll£j - ■ aa, II (jjj AiilLill Ajlkall 'ajSill J ->•»■" 
.'a jaill j^J^i t—ili. (jj.Vil A«J ^^Jc. <x1uja1I ' " «*M ■ a« II LjjAjj ^^jII aj^ll JJjJ • 
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.SjSill 

.S jaall («a _F C 3 i-r.l , all s jail jjjj • 

^ 5.6 

p gel =1.1+0.004 J 2 

d jJSj Isjja. g/cm ^ p gel eia.j) Ujjj^l ^ filfrSI jjc. AaLuLall ^ d Jl 

.2.56xl0~ 12 cm 3 4-^ csjl^j c3.2xlO~ 12 gDNA —SI lSj^j .(jW^ 
jLj^JI jjJjj .5 cm p^-jJI (jJtl j l5 jjUl jlfra. j^j-o jjj AaLuiJI ^jLoGj 

.^La^l ^ Sjjj 12000 <t 

^ jSjJI cj^I ^ jL^j £ j- 4 ^ c£ j^y cS oL>jVI ,^a DNA SI £■ jI^j jl Jl 

^a ojjj^JI o.lia.j]l o jail ' " ua j (_LiaI . <_l _jfjVl ^JaaJl ^jLmjll j 
j l oSSl i^iixijl <*alj sjS <jjL*-a • j»^-gJI J (jji.lLai.jl Axalj o j5 ^^A DNA SI 
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^ jLuU (Jji. iLaa jl J J jj ^ kaj .lie. (_5 clll jUxj ?DNA SI ' '«'«- jJJ (JxC. L^l ■ i ^ c - 

?LaLaJ y; j£jjl L-jiaJI 




I 5cm rf_ 





dLuJ jLuVl .Ajjuill ^jS jA j jL3l JU*luL DNA J-^a :36.6 Ji>ill 

.4 j i ill Tin 

fljul Aj]j£ till jjj] 8 ^ (_JjLjii £jjl jJ aj^J lilLui-aVI ( _ s it jj» ■ ail iilli.1 ae-LmJ Cjj| 6.6 

^i* aJ ' " ua c37.6 (J*N ujll ^ (jyf* jA La (j}3 j oj^lLi iiLamJ j it_utl]| ^ liljjj] liljUajjl 
<_Jc. liljij j tlu! LafrjU&ki (jillll jJJ jill jljLa jA La .(0 = 45°) (jjaVl £-a 45° tdjAl e j3 
60° ^jj-aJ o jL S^)£Hj K > n *i a 111 Jjtj ^ijj^aj llLaj ?4i£Luj (jj^J Lo-lic oj£31 

JiJill) (jj jjj 800 (^la. LjlajS (_LaJ P £ jS] ^LuVl lila (jj CM jja. ^Jx. 7.6 

4l_axll j Ajc. L all "IL-axll I afrj-Jfi j! ' (JJjUl M j T <jJJ jfill jlaLa jA La .(38.6 

Bedford A and Fowler W, :_>) 3-ajall 0 iA ^j>I j*J aj^UI 

Engineering Mechanics: Statics and Dynamics, Upper Saddle River, 

.(NJ: Prentice Hall, 2002 

i . uL —II j .(jjl jjII ^^ic. i__ajj£]| i_jjj.jj]| j AjAuiaJI o jail (j^a jl laa 11 A i^iLij i ■ Alajj 8.6 

LjcV (jl (j^ajjSl .AjJLJJ L_ic!/Ul I a^ilc (jJajSJ (jjjalx-a (jijala. <__rlc- OiJ"^ (_J.ll.laJI 

jA La Jja j (_J.li.liJI ' ■ uL all Clll^ja. llili ^ ' ■ it- jj 4_i1j£ ojjjI 125 _£ jLuij I j£i 

s.la.1 jll (jjj (jlj tl_lC.!>UI (jjj >■ ''.-i'i (J-a^J (J£ (jl (_pajjal .39.6 cKjill ^ (jJJ-a 

^ U'a'ij (_L^aS-a (jjj AiLui-all jLuij j • ( _ 5 1^1I 4 (jjj (j-a %5 (_JjLuij Ajtl ji (j^i 

.jajjj 38 Acljj Ai£ j^J-o ^"'^ o-li (j-a 4iLoLall (_J jl l uj j 56 AilaJI A^aA 

.^jji 22 A fmi-N j^J-° l3J^ o^jiLva tsjAj-a iaijjj ^^jii Aid£ (j^i AjasVI AiLoixJI ^jLoiij 

?A*\<, (jj£Ia-a]| jajxll j o jSlI jl^ia jA La3 cUSLui ' ■ II (jl£ lil 
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Ig ujj jSII t_U.it! .pi jjJI L-L^ . ; J (^ill (J-aill Jji jll 6.6 JIUI <aJlx-a tic. I 9.6 
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.40.6 iK .till ^ 2 jgj Sjia_a]| (jLJI (jXa^J <jjilll (jjUUI ,J Juafo .AjjIj Ajau^aj (J 
£-a 2-?.jJ 60 (_5jLuii (J^.l£ll (Jj\£ ^Jj'j tlljlS j 150 SjJfiJIj JjLall (jjj (j^ 

AjjIjA ajja ^ a l n J ' 1 frill* a3j -jijall 4 S ^ i a ft nluil J t^ilLaj-oVl * J 11.6 

CjI^)^! 5 1 g"'^ i_S A^ajoi (J-a^j ( _ s j1I AjsI ■ all a jail i—baia.1 . clic. ^jjj AjsLL ig*^ 

(JjLjn W-a?^ ji (J^lj^Li '( p^l.024g/orf) jJLa *la 

135.1 




^jjj jUa=>. ljoV :39.6 Jliil 
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25 cm j 15 cm ^ 



• — — _ A 60° 


< 








■ 



W = 150 N 



CPJ£ :40.6 JiAB 



(jl IjJOa-a tAJUJI ei% ^ aIajoJI ^3 jjjJ ^1 Ajfll ■ <a3l e jSlI < Un-J .%4 j'^-aJ A^ajJI 

■ 4 j il j CIhaj 1 ^ M'**s 

jlala JLaxiuilj .(41.6 (J^joJI) p [_g jLoij (j^Lui (JjLui lfcl3 4j| j U . ,.t 4_aj jjSjJ 12.6 

T Cj\jj|jLa.VI ><JI Jjijl LxjIj iaijJall jjij Ala. c2_ijl jUmVl 

.6.6 £-IaI«]l ^ Jjl jll Ajoiij Jjlajll £ £Jjl • 0 J Z J 

JaaJJ IgjV jiLajAV ^jic. SjLaJI "LuLaJI till j^ill qa t-J^allj (Jmjim ^^jll j jaaj aJ 13.6 

<_i jjlill CiVVI si* Jib cUJI (_i jjh (jV (Polymerase chain reaction) 

^^ic Aa. jj dljiill (jlj t(j£Lui JjLui jA l-i Jii a\\ (.La (jl (j^ajjal .^^li-aVI Ljjn'sill (jiajx 
kiuJal] (^Jjjil]! jljLJI jA La . ja-JI £eJ=lui d±aj 2500 J 2000 (jJJ i>aC- 
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t w 



"<A jLJ :41.6 JiAB 



tilij siic (jji»J (^il! 

jl-tSfl J] ^ jMVI J JcVl J] lS >Vl oLjiiJIj f U ^j^ij 14.6 

(j^axj ^ jia. J cs itVl J) «-La]l .Hmj i ijljjjl ClLull eLalc. ^jlaJj '(jljjVl J 

*LJ 

eLall JljxC ^jij ( _ s ^ o^ajaJI is.ic.la Xsc ^JvUI lai ■ <all jl-lia jA La .Lujij l^jL^a (_£jLuij 

J] pLJI ^ 4iV t j,„V u „ ^1 SjSl! (> jjSI SjSII (£ al jll ^i) tSllij 

.sjALkl! si* ^il (cohesion theory) 

CjOii 12800 J] J*-^ (jLacI J^- f-Lall C±*J (j-ajill Alvill AjloI jill ^jin'mi* 15.6 
(j^axj ?<£a^J 4 . jkl\ iaJ ■ JJ (. alaC-Vl Sail ■ a3t jA La .aJluj (jLuij^U (j^aJ V 

(j-alji. |_jAa.Jj .^UaaJI i_J^3U (jjj (jLoiiVI ^u>a» ^3 Aa. jJ 4_Iajl J 4 . n*il ^ L_ajjL-iaiJI 16.6 
el £1 a a (j^-aJ all i ■ I jl aj3l t5^J (J"^"' (Jc- Lpj^La ^Jti 4-a ujVl ojlA 

JjLJI jl^La JJJxaj .(42.6 (JSjill) (jSLuill sLall ,j-a 1— a jjl^tII ^ o jail jjjb 
(Jj-oJ ^lijjl ^"'^ <j| jjajmVl «-cLi (j^ajj .Ajlc. Saa ■ all jlijj u.iill (jjS Jj^jaII 
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UaajJa JjJ (_£^l eLJI J j-at ^lijjl jA La t (JjLuJI jA eLall (jl£ Ijlli .IjJjij jlxi ' a.^'i 

110 (^jLuy la» i '— S sl£La_o «-lj9>l 1 yj<,,.l^jU< 105 i_g jL^y g, 1 '"' cs^" 

^ji Juofc .^Ijill 4jt .^i j l_£i\iiL t illa-j (jl £jL_£>YI J ^ (j^aJ 17.6 

^\ ^«>hj eiaJJ (jjcljill (jl (j^ajaal .43.6 (JSjujll ^ ('-r'Jj (') Of 1 !'* ' '"'J^ 

jl^Lo jA La .UjIj ^'.'J (jJj^l AJaajJa (jlj C(j£Lui ^.lll (jl (j^ajjal j I jl j'a J i...S/l j 1 a$j3 
(I) (jjlut^Jajll £jL-aYI (_>"JJJ C?^ AjjAill ClI Jj» uJl ^ jaJI ^ ?-r» i >i (jJJ (jjjill 

(' L all jl tdkaj ^1 ji J jL ^ c^l jill J jL jy^aa] :3Ja*5U) 

l jjlaj J ^jA\ (jjJJjLaJI (j^i (jjjolimll (jjjiLlall (jjij£Ja^II (jJJjSlI (jl 9.6 Jlj-all J3-i=4 18.6 

AjjUJI jjj (^ic. aiJj <xjs]I siA ji ii^j liljl V) .jtSjjLAa 16.6 JLill ^a 

JJC (J-axj (_J jail (jLluiaJI (_5jAUa]l (J^aSl 'nil IIa (j-o (j.-ilViil (j^aJj .R 

SjJj-a]| iajijJall (jC <^.U]I (_£ jill ^ <i (jl (jjj . ^^IcVl (j^i J-all J s-ltjll (jljAa. 

_^l c4jjlLoI]j .tic j]l *Lall (jjj LoLaJ (_£ jLluJ AjSsVI ^ jJaj "II £J<»a. (_ja 




j£Lu. JjLo j :42.6 JliJI 

.Au ill Ti a jjc. jL»j^/I .^jjjjJac. 
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CpxuSaj :43.6 JiJUl 

iai^ JjL, ja L. .(44.6 Jiill) (OS 100 g-USj J± *La]L> *l» jl> ^ 19.6 

25 y;^ <jl> Jaili 20.6 

£l£jl ^jic jljaJ ^jlcl (^S iaijJall jl^La jA La .(45.6 J£j£1I) (T J=JI (J ■Aic psig 

?jT J^JI ^Laj-a (JjS j.tjii1 4 

( _ s it (J aa uJI ^jillui; LaAit (JaASJI j 1 SJ^Jl .lie (jjlaijJall (jjj (JJ^ jl^La jA La 21.6 

*Lfil 22.6 

SjJ 300 Ajii£ (_j jLuij co^^^aJI o^joilia <ua I ^ .* « Lfe 3 ^ .Ia jil j^. j 

s . ( _j^aJ| <c.^uj jLaii c'i_)jaiLva -I iLu aVl (Jjii »_>^ 400 <Cili£ (_g jUjjj (j^aal^)!! 

.AcLJI ^ IXaa 20 (j-saSl jll Ac jjoi (_5jLjjJ j tAr-Luill ,j !iLva 25 
SiUal] (_£jl .143 (jjj 1 «^ » >iir J (jc. (jljjjjj (jLajL-aJJ jj-aSl jllj 0(_£jaJI (jl (j^ajjal (I) 
.^lilaj-aVI I "(j/""- J' " jl-lia jA La .(Ajjj-all ^>Lj -I iLu gal j ^A jl 
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Opsig 




100 ft 



fjAjU lJ Si ajjb :psig 









1 













-3 ft 



jl> :44.6 JiiJI 




>i. *L :45.6 JiAB 

.iaji^ax jl ja. ^ 



(j-aSI^)]! j s.(_£jaJI i " i£ jl |j)| .JljjaVI <iLjul ljLa.1 4ijll dll il j-ja liLUjjJJ 

?ojjailia al IJaj "»VI ^xj I J L " jl-li-o _}A La i\jua 

lg-J liljaJJ |jl ' ■ laj ^^lill "IcjjoJI jJk La CliLLaijj La^jjjS (jl (j^aljjaLj C(_£ja.l o j^i (dl) 
?l jL-a ojjjilxa -I IJaj a^l JbtJ LaAtjCjjj ^ j i aJ al llaj aVI (JjS (j-aiil j]l 

a^u-aJ i^!Lo Lj^axaj aJ ^ c1l>L].1xj (JLijj ^\ dll jl u.ill (jLal (jLuij Jjljiall Jjlall 23.6 
^ jjjj lfrLal£j SjLluJI ojS liljj (j-a 4iUall aJ aJ j la a JJ C-lJa-j (jVI CjIjLuJI 

. JjjLJI 

C(Jji£Lla1I olajVI ajVI Ija j p jLi AjjAaII pjl (_)gJ>J (^ill Ij_jJjJ i Ilia 1 

-I llai aVI AiaaJ ^ <C.LuJI !iLvi 20 <C-jjjij JJ i n j (_£a1I j^jLSIj lIlo llu alj 
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c^J£ 1500 jljLuij ojUij a1£. i_gjLun j .A£.LaJI ,j 'Hi* 12 ajjIjjjVI IjjjjJ <c.^m ciul£ j 
jA La .0.4 ^hU.^VI jlij'VI J-oU-o ^ jL-jj 2100 IjjjjJ SjLuj 2Jj£ ^ jLa£ j 

?o^)juilxa -I llaj aj\ Jju (jij jl j i nil t^jcjui j\ SLa 

oUjIj ac-LJ ^ JLvJ 10 a^-jj^ ijjJ 20 Lpl& <_sjLoj ajjIc a^Jjji JLuta Jjij 24.6 

SjjJ 150 (JLulj ■* fc£ (_JjLuij .j^jjjill j ^■J-^ 30 IAj^3 AjjI j (JLuill £-a aj 
. Lt-a L^)jj£j9j (JLjlj a^Jai aJ 6 1 Loi^a 

jl^Lo La c^l_)Lk^a (_£jLoij ^IjijjVI (J-al*-a (jj LaLaJ (jj Lag-al Jliu-al jjl (j^aljjalj 

(j»a 0.2 (_5jLuiJ jljJjVI (J^ila-o lijj ?o^)jili« jalAlaj-aVI I J'" 

(J-aAlj 4(JjLaj ^cU ^AJaj^aVI (jl (j^ajjal ?La£jJCjjoi jl^La jA La3 1 X oI^jYI 

.*H21I Jla A^jUJ 

jL^ull J] ^.ijj JjjiliuYI jl£ (j] Al^J 10.6 (Jliall J <JJ=^I (> t>ajiJI jl£ 25.6 
Jbu LaAl&Lajlj LoALc-jj-o ' " iaViA,l ' jjlja^L all (J^j aojj ^1 131 (j£J .Ix^i /jl a. aojj La^lata 
.Ajliillj «.LoJ| jlLa (J-aAl .4j j»tj j (JjLa (jilajaLall -I i la ■ al 

(jLaJ <jl (_>ajjal .46.6 J'snill (^3 (^yj-a jA La (jij jl^aJI t*lli ^ 150 AjiUjJI 

!>ULa Lat Ala^al /jI ^ > L i aJ (jijjj^ll (jlj tA-aclj AjjoiLi. CllLjl jiuoiL «.l j-a^JI A^Aaj 
(jjjjj^ll {j\ (j^ajjal j .0.8 (« jLluJ JC al^J^I J jljJjl (_LjL«-aJ ^jjJ all I a^-ja Kui Ajc 
pl^aaJI Cliuj£ll AiliiS ^JjLoij .'i^jJuLj-a La^-at^Jajb^al (Jj3 1 afrjjjja ui ^jli^ ol jl_aAJ 

<t>« lij . 86 jam 3 4jj£1I ^ d.093 g/mL ^1 J 

^Laa. JaAI lU, ^iVI A«j Ltt^la J£ Atjjoj Lai t^llin.^iVl Jj3 sj^Lva 0.05 Cm/s 

Altman PL and Dittmer DS, eds., Blood t> ^«iTt«) cij^Vl Laj!iJI Jjcli-a 
.(anrf Other Body Fluids, Washington DC, FASEB, 1961, pp. 110-111 
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(jl jl JA*. C&J. :46.6 JiAH 



"1 ajl J ^ jl l im I 3 LtAJ (_£ j5 ^jj] £jkiaaj C(_£ ja! tic j ^ <xjjij »l ^JJ^ (Ja-Al I alia 27.6 

(jijj -LLojl l ■ Umj jill iillj dilftlajl j dl'VLi" \' ' . '» ■ all (j-o (jj-^J ^ J 
T (_£jLais La^ia JS jJa3 (jJjLu (j^i (jj^JJ LSJ - ^ frlfcjB (JaJ (jl (j^aljUalj .S.vjn all 

J^juill) v 3 aZcjj^ (jl j 1 2r (_5jLuy <a.ja. (jl j tv 2 j Vj (jLijLuii LoaUc^uj 

CjVU" Was (Ja-J ^jlu t^&l ^Jlj A Jjl^-JI S j3 JU" Ala. c(47.6 

• p j (F Rx ,F Ry ) plfijll ^ (jillSUll j^jSllj r j (v 3 ,v 2 ,V!) ii£lSll cAcjJ 

.p = 60°j a=30°*J (> jsil 

jiiij '0.5 cm JjVl tlx- jll jiaa jJL; .jj^I tic. j jjjSil (jLjj^-i (jUlc-j ^^SjL 28.6 
. lOOcm/s ajs (.J acj^ jliij c OJScm^liill ji=3 ^JLyj i lOOcm/s <ua ^1 <t^. 
(jl j cl.Og/cm 3 (.J jl o^ljialj . 1.0cm (^jLaiis £ jail L»! 

<lla. ,j "LojJiLall 

^fl j]alttll ^3 AicUll y j X (jjAU^VI cs^ 4ja.jlaJI L5 J^l £ J (I) 

(^ ill S jSII Aa. ■ ib^.;) 1-48.6 JLill 

• g-Cm/s 2 J IjAU liLI ja. iacl .(UjJC-j <jjl _ja1I (_5 jSII j AMill j k» i all 

(jJfall j»i\l e-lc j 0.75 cm ajiaS US c^Sjjj) c2.ia.lja. AjlaC fLjSI (<_l) 
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•30 cm/s isj^ W 5 ' s-^' l>° j .l-i-48.6 JLiill 

i ■ iSM JUC. laj i jail jjl j 4(JJJ_) J^ajlxa 800 (_£jLuiJ (J^JllI ^jlcj iaa i (jl (j^ajjal 
X oLajVI J Ajjl j^JI o Jill (jl j 4(fi _aaJI iaat ■ all (_£ 

£jaJI s-lt j iai^a t-U^I .J-a^o aMs\\ J jxia (j! j 4 340 000 g ■ CUl/s 2 (S 

.(4 jUIU aJ jLSUl) 





Mm 













jfe ,1 a^jS :47.6 J&JJ 



jLjj (J£ i* Jc - 1 SI ^ jla. Jl jxi. j (Jajjjj ^ SjS (33Jj £-a 4 «j» i a j3 (JIxjoJL) (jjJSJ 29.6 
A^ajiaia]! oiA (Ja . (JUtuJI *Lul - 1 "-^ jl A-ajlai« ^3 (Juolj . (jiii (j-a ^jj^"^ S-lj^l (j-a 
V'ijjilla jl s^)ilui« A-ajiaia]l (Ja ?sJ_jakjAll t_£j&\ ( _ ? A La ?<lj^x-a jl 4 a jl A^jjLa 
.lAJ j ^ S AjJjmjll jjSIl (jialjj (JbuJI tljjl ^- a ^ c ' ^jjj-a <]^l«-a l_Jj£l 

jl Ijlajj Ajjfra^all pLuSVI JjlHl jLvJ' jj^ (J^xlaij alj jA (Jajuall LaU all 30.6 

.IaIjI djjJC. (jja. « j' a]| j ■ jS li cs-Lai] jll lillj (jc- 4 alia a Ajj j.^i Ailf&J ' a ■ ajj UMiJI 
LiA jaJajj 4(_£ J2>.VI Jjl-iill Jjjl jia] la^la. j .ojil jjgJaj j^jll J jjij JJ lilli ^JjJj 
LjJ ifl jll (_5_»a]l L-luia.1 .Lai.J (J^aJ dlLi jj j3 Jja-o £yt UJ^*" ^l-iVl (j^ ^J^l JaLi_a 
I^jjJS jl LjJ&1 Salmi *^,f'j 4(jjj£j-a 1 Ia Ja3 (_£jLoij (49.6 (J^joJI) AjJllc AjjjJ A_a_^a. 
(J jLjjJ Ajjljj jjjBI A-ajli. (Ja^Ju .IjlajjU 1060 Up^.j^i Jjla ^jLuiJj cialj ^La 500 
.(jaVl £-a 78 l5J^" ^r!jl Ji £J*^J '(J^^l ^-o 45 

^ j^i ui^> aJU J p photon L^I 4p photon =/i/XaJjUJI JIxxj^Li (I) 



667 



.(h = 6.626xlCT 34 J s ^^^jLu^) 

(Jl <mJ-uAj AjjIj (JS ^ ^ j' all Si'a\ all "La^a- Ji"- 1 N jj jill J^C ■ -b 



£>, = 0.5 cm 



kit,, = 100^ 



^0"7^1sii||i 


ilM||i||pj|j| 


llliUliftil 

llfsfipillt 


Blili 




™|S||i||pi||Hlillli 






60° V. 

















Ji.J _ u 2 = 100 ™ 

£> 2 = 0.75 cm 



D 4 = 1 cm 



(jWft, :S-48.6 jLiB 



D x = 0.5 cm 
J ^ = 100^ 



HP 



liiiiiiiiiiili 



D 2 = 0.75 cm 
i, 2 = 100f! 



At = 1 cm 




D, = 0.75 cm 



« 3 = 30 



cm 



jll :v-48.6 Ji^JI 

. AjIsjjI Jxj ^ jJI 
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i ■ la uA\ (_£jj!La ^jic o^Iajjoill SjJJ^ ojljij (JjSJJJ *La f^ 3 ^^)^ "Ua^uJ! (JL>J (* ^"'"'J 31.6 
^ L) jllc. 150 <C.JjmJ jajla jiJI <j-a *La]l £J^J -(50.6 J's^iil) *La]! (j-a jlj 

*LJ 

cAcjjji j oU-a^j oIaL=>jVI ^j- 1 90 ^jLuii 4jjI Jj s.Lall i 'j^' 1 ; 1 

(J^joJI) (j^ajbU Ljjl j-a AjujIj (JjjS (JjijjII (J-a^J l_JC.LLa]l (jl 4AjLuJI <1Luia1I ^ (jJajjSl 32.6 
(33Jj (Jix^ij <c.^uij (JjijjII ^^ic s-Lall ^jJa_)iJI JjllaJj '5 kg (_>uJJ^ (_5jLuij .(51.6 

4 Jih*<Bj 30 (.SjLmJ (j^ tAiAjaJI aJLuiaII ,j 1 mVi (jjjJajjLJI aJj£1I 

4 ijuujLl 150 (_5jLuij Ajjljj (_>"J-^ Cf" "^J^ S-Lall (JS (jl (jilljjaL) . (jiijVI 

z 

^jit Sjall jljLa jA La ^(jjil^xiVI "Ljj'j c5jLuii J JJJ^ "Sij'j (j' J^^) U-^J^ 

.AijLaill 4J1 in a\\ j L_ si _jaJ lik (jJJ (jjla ?LajIj (JjijjII *LlJ^ 1 » ^ ^aJiuJ (jl L_lC.LoLaJI 




Pout 



*£kJ ^jill :49.6 JiAll 
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(> jliu *L> :50.6 JiAJI 

.«.La!l jLu £-0 IXolxia LujJ 

-i 

LagjJaa « Jc (jlijLaj (jLiiaAa Lag-jl (JJ < (jj ■ " » Ajj£j| ,j (J_J^I tfO^ (j) 33.6 

(JAj <a jj-''^ all L_J^a±ljVI (j-aj-<a Alj^ala A^JaA AiL^ba (JjLuiil ^Ixu^b -^Laj^adll 1 ^-ajoiJj 

■ — «ty L-ljiuVI (j^i jlaJj-a 1 IgJ jJa 4 » Sag J (j!alj .(I - 52.6 (J£joJI) (JjJ * ia jia. 
AiiUI 4j*Lij]l .Ujj£l<i 20 ojlai lS J-^ iS^ i^~52.6 J^n'M J ^ialall 

.1.02 jL-uj A^Lijll ^ jill Jiill jl (j^ajiajj 4a5j5^1I J IjWnm 420 ^UiaW Jj 

oLaj Ifcj^jj (jl - ■ "7- B Jt j]l sj£]l jl^Lo jA La "Ula. J <La jjalajl (jl (ji>l jjsIj 

(iLlj*. Jael ?Li£La AjUjV t^Vl L_! _aiuVl 

J «Lail jaL jgi i[5] i^IjaAjj djliill £S.JI jljaJlj t_«jj*-aJI ^LaJI (jjla all J-aai^j 34.6 

,j " CjIaL^jI J 4^a. jj (jl (J^y tliij 5-4_j3 _>jt Ajijj ^1 i4 mj'i^jll Ajj^a 

<£_)aJI Jl ^tia_l I alp j i^Lall (j^i I jpjLlxa 68 i ^juoj a j^' 0.20 Aj]j£ (_5jLuij 

j, A£.^yx JJ (J j L ^i j]| j^ til jilall s-Lall 4 i£ aJ3 c%40 jl^Laj £ jaill lillj ^a a jj ealaj 
6.7 (J^x-aJ AjAjS (j-a s-Lall t Vvij (jljJaJI (jl (jijijjalj .Ajjljll J Ijla 1.25 (_£jLuii 
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7H? 



\r » . »m» ' M ui 'i I. ii 



n 



c3^4 ^ ; 51.6 JS-^I 

111 .4_ui!j ^ajjU LjjI^o 



<Loj!>UI S jail jl^Lo jA La <4_ijlii31 Ijla 3.8 <£jj^j A-jjlili ^ (jjSlc 

.4J^£-imJ t - 1 j <a31 ^gQjLjJa ^jLujJ 

C.I i iaall ^IjJ (jui - j j' ui iAjllxJI ^jLaiill CjVi«-o jJali-aJ (jj.^ija-a (jjjUjall (jU 111 
Jj-aj ^jLuij JJ jLikll (j^ajajj jl (j^oJ I (j-a jiil (jx ^jjiJI jja. .(15.6 (Jlial! _>^) 
J-lia jA La SjjJ 200 jLuj jUkll <Jj£ (j! (j^aljlaLi .(jJeVl (jll 4xS.il 9g 

?9g JJ S jjLkll £ jLJ J^j lij S j3LU ^1 U jaUJI » jiSI 

^jit ^Jajll A^laj (s-ljgJI 4£jaJI <La jILo <_jl) S-ljgJI 4^1 jlla (_Li£J La Ullc. 36.6 

<La jlLa (JLaAl (j^aJ V ' j7~ II JJC 9jJj£ CjIc.jjoU ^UjuiVl Ja jiui (jJa. 4jl J;}C. .(j^ajVI 
(j^axj s-I^j^Jj a jj! lall (j^i ^aalLi 60 I fl*'^ (_£ jLmj ( _ s j1I (i3jib.li a i " a VM .13 j j^JI 

<La jlLa (jl ii. JJ l^i aJI J LpC^jjj c'i jjUoJI jj-a t^SjSj li a Cj^ia 1 ajja (I) 

. 9.81 m/s 2 c5 jL-y ^jLooj iiiLLn <SU^Ul lillj .<La^a 1 »*< S *lj$JI 

.AiLi AjjLjJ ^C-^jjji ^Ijj (jl 9 jjUaJI Lpj^li-a A laa S 
^jLuuJI (_>uLiLa (jV lillj ^Ixj ^^a) AjjIj AjjLjJ <C.^>jai Jj dlL a j 12 j^j ^xj(t-l) 

9A(a frl A-ajlLa ^jC *La^Ll]l j)\^La jjti La .(^ii-all Jl ^jj ujj 
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cLulii (jiil fLjaiJI ^jLuj t^aljll ^ .15.6 JUaJI ^ r 1 ■ S^jIj ^ Jib 37.6 

J jLoj <Luj*j Ajjlii 1.5 oa« Jxj^ij ^jJI tJjVI ^al.^1 lilj^-oll JLxjjjI eLa ^jUjillli 

l$4kj ^1 °j^l m-^I -t^Vl j^j (lg =9.8 m/s 2 ) g — j Ijiia £- jLoull 

c^linki ^ L£UJ ^ DNA -II ol^j^ g. jjl Helios jl > oLmJI jSU ^ 38.6 

2-iLkll ^ (jiaj tjJAj aim? J ja. «.!iUa DNA SI Clljj^plj AjljaJI AiJLt-aJI 

^ ia» * ( _ s jA j ftlmaJ ,-laaJ C} J '12.1 (JliLall ^ . j» jjl^JI jlc. (j^i Aijj ^>J Ax3 Aj 

^jLu dlOOmph ^jL-j <t 8.09X1CT 11 g DNA — 1L? 

^gia. ji-all ^jLAs (» /■"? A (J p.*W u^j -3.98x10" kg -m/s 

V^^JAill f -.uAll jjlgJI Igj £3.11 ^1 S jail jl^ia jA La . 3.4 (0.S (_DLi 4jjl$j]| 4jC jjj 
Aiij 4j» jjlgJL £^ jLoiill (jc t_aiijjj ' - ■ II (Ji.Jjj ' " 'I i}a 11 (jSLa. -j' aa il J-iLij I alia 
4Cjjj (jl (_palj£aLl .iill£la.VI J j»-iL-aj]l (_J j3 <jaml AjjJaJJJ «ti AjliJI j ^Jamll (jjj 

J j.^ijj] Ujiji'inij ^^1 oAall (jl j tAi^iuuJI AjliJI <C. jL (jja. jjj all j'^ lj aa II 

y - ■ aa II ok II <a!kJI S jSll jll jl jLJI jA La 4 4. 1 (J.S (^jLjj LjJI 
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^ij^j : 52.6 Jl»iill 



(acjUII jjII aAAA, jj - <*K1I ^aH) ^ ~ AjjIjIH! JUS ja jJnjl 39.6 

cJ_jjjVI ^3^' j^-^ '(jjJJiS '"'"^ ^-*JI (J-^J -^-1 (J <Mr"u 11 j j . J "i ill lllljl S «l 

• A l^lfl < " ll J ll ^a 4 ^ La ' u ^ ^ | , lX\ *\_£j| ^l^il 

^jUi ^ £5*2 o-iJJI lift 5^ (!) 

?2.5xl0 6 N/m 2 
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?^j\iiL 20 

clg_]^)aJj ^^ill al£La-a]l ^3 j ~l a U , ^Lul ajl±ui ^^Ic Aaliaall (_£ jail AA,Aajj j» j£j Cjjl 40.6 
jjl (jlajlial .3_jjlj]l ^ !>Ll<i 20 3x._>jjij I jl^a. 2000 1 3"'^ (_S jL^j SjLuj f ^ ' "*' 

^^Jt Silk-all a jail jljLa jA La .3_ljlj 0.37 (_SjLjjJ j»- <a31 3-ajii 3x.jjJI ^jlj 2 ^"-v 

fSjluJ 

JaMoJI (-J-26.6 (JSJill J^-laJ I— ya. 16.6 JLball ^y^aya % Aj-ala J) JC. 41.6 

^ jLaij g^i^l oAa) 3 , alall (j^ j aa uill (jllajj cjljlkVI lift ^ .3_plc. Sjiil ^jJ&IYI 
LjLa. 4 1 ^ii^ll ^jic. kjfrj ^aJ '(3_ijlj 0.3 J^-j) SjAnaS tla tlj^JI ^j^JJj '(^jjLi 0.25 

.(j.aijjJI Ja yiAs icju L-lmaJ . (3_ijlj 0.25 (_S jLoij -k II aXij 

j .^L-iaslI °^y^ jjlkij ^ °^ ^ cs^" ^-'J^ J' axjsu 42.6 

c_iiL ^ill (Saturn V) V uji^" 1 <t jJ^' j* u^' ts^ lS j^- 

CJxjj! I alia tg^i^l jjej . j*S& ^1 3J jaU 3-a£^ J J J^a. ^jJI j 3xl0 & kg ■■'^ 

■Oljlc. ills, ja. j il3.84xl0 3 kg/sj0«-»J JjSjJI Jim.*I tCjl£ja_J <jSIja]I <tj^« 

^jk. 3jjU s ja (jjiki li* ^jj 4i,,iilL 4300 m/s lsjL^j 

j cV (JJjjLji 3j£ja]| (j^ %46 Jj-oJ ^all (JaaJI (jlS lj] .c-L^aill -iljJJ Aj^jaII 

• 6700 km/hr is J-^ Sj^-^ ^W^' ^ j^' 4tj^ J (jijial 

jjjj, 3 AJ jJa ^JLj t^^t 4 aSlI (j^i Jji.^1 ^JaLaSI j . ^a-ui 20 IgJ jk 3 ii aSj *La]l (-Jjjoij Clul 43.6 

pLall ^ 3 i. ^a\l S^ika-aJl AjLgill jjc. fLaJI 3x.jjai j] ^pajjil .AjjLMI ^ Ijla 0.050 

YAjj-aill (jjkijJall (_3j3 jljia La . I (_JjLuij 

(jjjjjoill ^ujn La AajJb^ (JLaaHul (jjj dlLijlaJI (j-a (JjI^ijjJI 3J| j| jjl^k (jj 44.6 

(_5 3jLjjll ^.^i jjj (JjLoiII 3jjLa. ^ Ajijk jjjikij t_i_a^ijl 3JaLuoj jA j c(siphon) 

(jjiiuJI JJC. (JjLJI ^J^i 4(33-^1 s-JJ (3^) LaAiCj •JjVI (j-a (j^i^l 3jjLi. 

.3x.j\i 3jjL^JI ^- j . aj ^"'^ jl j a"i i aLl 
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(jc Ajtij^o AjjliJI o^tli j tljia 0.75 (_£ jLuy g^liSjl Ja tLalL) "LsjLi. ^LaJ 
"Ljlgjll jl (j^aljjalj .frLall j«a AjjLaJI £J_)ij] ^joi 1 0^)Ja3 j j°J ■ " - laJluijj . jp-a 1 jl^LoJ 
(jjajiill (Jjla-o L-lLuiaJ J ^jj^W aJ^Ix-o (J i nl C(_pajVI Ait ja. j-o L_l jfiVl j» o_)^JI 

(jC. jxajj "LiLLall J kit JaJ ^uiaJI £jLi- J] (J^-V' 4jLLall (j-« (JjJI (jj^ (j^pjj 45.6 

_jll jaa i iall JJ^J (j^^J cJjj^yi 1 " ' S-Lkjlujl J) 4iL_iaJ tlgj j^. 4 1 ■ '— (_palj£il 
AajS £ij AjLLall jl (j^aljjilj - ■ aa II qa A^Ja s-Lul (J_aJI <C_)u (J aatlmU <L)l!Lall J 

t_L-a j (jLoJ t((±jUyi Jl jjSill qa ^UjjVI liA i_altkj) ^5 J Aj^jUJI Jjla.yi 

c4-ii\j]Li I jSLa (j«jll ^ (jj c ~ J j a '"LjiVI <1jUla1Lj LujjSj "LiLLall (j* (J_jjJI (JS^U (Jia-a 

:4jj\jll J JilLiLalL) Ij^La (jSJoll Jix* j&V J 

V =-0.306 x (t-lf +15 0<?<12 

y =-3x^-12+7.35 12<?<26.7 

?4jiajll o^-all siA £ jjiaJI Jill J jjll jljla jA La (I) 

(_jjLuu (Jjla-VI jl (J-^jjsI * ■ "7- M <j-o A-^-j^)^ *Lul (J jJI <c^)jjJ CiiAjiM (m) 

. I jlajlja 5.6 

c^SI jll J :AJaaiLs) l>0^ Lutj Sjllall J ^k,,, jll k» , all <iDlc ^ja»U (Cj) 

J Axjjjj CjI jlij Jl 4-pj« 4c- (-5 ^ j"i ' u" J "LiLLalLi lajao Jill < " »M ■ '— » W (j aliijj 

.(2Lill.ll Lk^ 

JAajjj .Acjjoij dljJIj (JjI (j^ajj-oll f I laC-V ^Ajjjll (jja 11 ^LvlaVl Ja»*inn La Ullc. 46.6 
(jl (j^jjlial .(jiijj-all (JjLuJI (_>uj^ ^LijjLi La Aa. JJ Aijjll J (JjLJI (jaJj (Jla-a 

J* " 80 (_£ jLaJ •Ajjjll J (jjliall laj ■ all jlj tlAAijj JJC 3 ■ aj^all ^ajoia. (Ja.JJ (JjLJI 
L_l_jiiVI _)JC. (JjLuJI (jBJii jl j I J S i "I JjljS 112 (_5jLuij ISHa^i UaajJa JL^J La (_jl '(jjfij 

L_ ! jjjl J (JjLoJI jl£ j t(JjLjJI j-a jlil ' L^aj Jc. (JjLuJI (jjy£ (_f jpa.1 lil (I) 

10 (_DLk ^Jilj ^ oAic. (_>uJ^ll 6' iS^ ^Lljj'VI jA La 0.2 ojlaS 

C(j^ajj-alLi (_jjy^ll (Jj-aJ Li_ijjl j (JjLuJI (_>jy^l !>LaL^ - ■ 'aH (_jAjjj (ji^ A^i jiaia - aj a (' -lj 
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0.5 4 "-^ a (_g jja a (j^ 4^_«JaiaJI (j_9^ L)' ' . '7* J • (J-^J J- 4 ^ AiLiJal 

l ■ Ujl j| <LaJ (jjSj (jl ( _ s iax]l (j-aj . ClllcLoi 8 J (Jjl-3J 10 (jJJ La (_gjLaiJ 0.1a (J^La. jjj] 
Jl Ajfcl :4Ja»5t.) .(Jla*i^>U A^lia (jj£I V) AiH^a jUaSl Aj^j j jjjLa Cjli 
tilla. (jjfLi (jl L_ ta-l -(J jj^W 4-^b.a Aj^^^JI <aliall Ja. (J jxLa ' . llatjluil 'ijj^)jJa 

. (JJjladll yjlS j Ualala 

e j;» i all ' . Ujl iVl J SjjluJaall (Jj| jxA\ (jSJj dsV^*-a (JjiLiSI (S Jj"'''" (J^jli« (J«»"nn 47.6 

J5LJ 

JSjill 2 J 1 jJxSj-all J in» .^11 (JjAjLo (JjLJ h ^UjjVI (_>uLajJ .t-_SjjjVl 

(j!L iadll Ailaia (Jj3 i_J_jjjVI (JjLui <C._>jaj Ij laJj (j^aJ '53.6 




Pm 



.JaijJa]! (_>oLlS] JjLoi £x (_JjjIi3 (_>"Llia :53.6 (JiuJI 



£jLaJ e-jXa* U (J^uJI laa ■ '— (jJjLaJ clkJUC- j (J^u iadll <a]ala (Jji 4i_! _jjjVI UtJaLa (Jj^ajj 
^jU^ajxll ^JaiLall "LiLaia <_SjLjij j . ^^i^Vl 4-1 JfiVI (JjLu Lai . p M AjslfiS 

(_£ jLojJ tjjiijajll .AjCj .V j JjLuJI (_£ jLoij j t Aj (jl^aill (Jjl JjUl l_J_a±jY 

jl Li jlia t A 2 j A, j (aMiII ClsIj) ^ j /i j p f j p M AJVaj v , ^ jjjill aJjIx^ i_i£l 

aIcU (_j ^ jjj Ai. jj V <jl j 'P 2 jS>> 2 £3 j-all aitj 4 Pj jA 1 £3 _oa!I Ait k» i all 

. (j^lxw Jaa i <all (_^l_iLa (JjLajj (jl j 4 4 a^aJaxall 

.aJSII ^fl jjjsj (jjJ-a ^aj j tnephron jjjijll ^ <Jill AjiJi jll SAa. jll 48.6 
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cLjjjij La_pLJI <a.LSjll <« jLoG .4.6 J j-^l sUa** Ajjj JS1 (j^il jjjj 
(« jLujj l^jj (cl t^LJI jll lyjSj <jalL» <a.Lijll k*.j jl jl (_>3jjal .1.02 g/mL^ 

.L jLjSoa p\ la^a j£ JJC (jSJoll t 1 .793 X 10~ 3 kg/(m-s) 



^ISS jajjll jjju <Jl»-> 






125-24 


30 




24-17 


12 




17-7 


20 




7-1 


100 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, :t> CililuJI * 
Heat, and Mass Transport Processes, New York, Marcel Dekker, 1976 

pl^jjlj to JJ» » .-ill (jjjljjillj ljj^>« tj£jV' (jLlJuJI (j^i liDUajl Jjlaa jai ( _ s Jc 
'ijjjV (jj^ ^ J-'* "'^ " ' ^ " ' ' . <_5^j oJjt JjjJ^a ^ j .Ajj-aJI CA jjt uillj 

jLkal 5.6 JjAaJI (j-ojJaJJ -^JJ^ JjJ-ajll ^^Ja. ^aV^I ja'lmjj tojji_i-a]l 

St 

0.035 ^1 jjl iS J -W^ J^Jj ^ f Aj>o^I AjC jVl (j* AillLxJI ^1 jiVl 
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0.002 




0.07 


0.0008 
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0.003 




15 


0.5 




11 


2.0 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, '-Cy i^itiLuJI * 

Heat, and Mass Transport Processes, New York, Marcel Dekker, 1976; Guyton AC 
and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 2000. 
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(Puget Sound) Jj jLui Cjc. ^Al Jl ^Jaj Jll t^^ll i_s j >*^JI oL^a 50.6 
.l^J (jaUll JLaxU cUui L$J ^Ijjj Jll jJJI (j-o V J t(Seattle) JjLi^ <ij.ia ^ 

■ a3l i a j, aLia (j-o (jjllc. (jjJ-a 133 ' oLiall AaJlat-a CjLiaa_a <_J^j ^tilaj j 

.13.3 (Jlall J <^J^ <=Jlx^]l CjI jlai. Lai .Lva jj 

LaAJa.1 j^JJ 'A^Jlx-all iaa * Jl Ajla all ,-au^all I a^juall aLia (jLijiji ' ■ lla-j (I) 

jjjj (_g jl uujLl ^JJ^i *La]l (jl (_paljjaLj . (jlil 88 ^Jiljll jJai ^jjj 'Lujjj 144 

J (jSJiill (jjijl^ajjj JJC. jljla jA La t (JjjIJ V I 
die. _«J gjla ^gk Jlgjll L-li-aail £3_a<a (j<a oLvall *LaJL«_a (J}3j-a (jl (J-^JJ^I (s- 1 ) 

(J «t*i i ill 4^eli L_l jjjl J <Uj£]I (J3JJ (Jla-o Jl Abulia iill£ia.VI llSI ° a L-lLmaJ . Jj jLui 

:^l aLIxJI 

^ = 0.005v 2 - 
m r 

jj^i) o jlaS 1 r J JfiVl (Jjia J ci—ljjjVI J (JjLuJI icjia V (j] 

Bird RB, Stewart WE, and Lightfoot EN, Transport Phenomena, 
144 ^jL^j <u^A\ l^jA j3J J o^l jSaU .(New York: John Wiley, 2002. 

200 Igjcllaiuil ■> i ia jLuj Cjc. _jj Jl aj| A ka a (j-o L_nAjS/l jaa i£ J* 

La . ^p>JI ^Jajoi (_Jj!iuia Jit J ya oLiall *LaJl*-a JjS^^a (jl (_pajJ3l .(_£jLij (jl i aa 
?4j1c (jj^J (jl L-JJjLiVI jaaj (j^-aJ ^1 ^Jajoi (_£jiuia JjjS ^Lijjl ^ ■ ail jA 
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AJU cjU jj - 7 



4 1 Alialall Ailla all 2 < A\ ji. \\ J, ^."i AJLa. dlLuil j J ti^j (Jj_asll li& a ■ aiL 

j (jLujyi ^jjj A^-laj ^a (I) aJL»JI AjJjjs jSjii j .l*-o L^ial£j j AiLLllj ^ «■»■ ■ *M j ^U^jVI j 

.(J^il£ ^^C-Llto 1 ■ lli "**'.' J (j^""V^ ' . ^' a .' (s- 1 ) 5ju»l_pJI j .AjC.li.-a Ajjjj 4_iiia <UI -j a ■ aij 

oo& Ajiaij j .^ji^ll (JjjoiC. aJI a 1 -»* ^jic. j Aj^jjolJI AoKll A_i..laj Jc. (til) "Luiljall (JaLjoj j 

.AK . , 11 j ^rjmlti j AjliJI dlLj j'l 1 11 n ^3 AjjLjjjS ^jAljla JJ 

Jl AiLjaj 4<Lajiaia]l (jc AjjjA-luVI Ajj.jaj'l Ajajja jj| CjLa _al*-all x i "Lull jj JS ^3 ^^ijj 
^Jll aJ * . -— " \< j 4^.Aajll (JjLuia (j^i JJj£ A_mljj J£ Ajl^j A_ajj .Ajjla-a A f i aj A!£ilj jl (jJllia 
Jla^a ,j AjLuiall (JaJ Ajjlk-all Aijx-all Jc. (Jjj (JjLuiaJI CllSjC. a3j L-laJ aj3 dill jla 

^3 lSJ^J .(f) aJjJ A3 jxJI J i(^) g-Ujj^lj AiaJillj Aalkllj t(iiJ) Ajj£]l 

A j 1.1, lift AJlal ^J-iSjj t6 — 1 (J jj-aill ^ ■ " ' a jj Jill ^ j ■ 'f-i\ iffij j ^J-a?j ooA AJLiJI lLsLJjj 

.£al jib UL-ajll j VU&I J&i AjjL j Ajjjs. j 



(!) ^Ujj 

eljul ^^.jLiJI s.1 _agJlj - ■ "7- It ^ J (jJJ CjI jlill Sjo'iiiflll Ajjliall AjoUJ^II A <ng all 

L-llLjjj .Ajll ^liaj Jill A_a mjVl Jl AJSjjj eljgJI (j^i jjja 1 a£^l ^\ iilj 4(jjJJ^)ll ^a .(jjiiiill 

■istp j .DNA SI dlljjja. AicU^a-aj . »ll (j^alij j ' " 'I IjJ J^)JI ' , J* Lg-La j tl_j!>LiJI 

>UJI mV^I 'ti*^ 1 -(l-'7 J^JI) mW^I o^j J£ I^j 
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^jiojJi ^j^tj. .-.all 




>LJI M U^llj jL^V 1 12 J ; 1- S 7 J^l 



(_gjlll jJJJjll jLpjl J) lilli lS^J -J^Vl jaj (jJJJjll Jiuill ^jajLiill A*i Jl LiJj-a 

ciai^all ^J^J (Jj-^*^ (Jilj J) £jlaJI (j-a S-lj^JI li& i^-ill (JjS I ; la i iU3 . 1-ij-s *\\\ 

j\ (— ijVl ^)Jt AjjjJI 4_o jialall Jl s-ljgJI (Ji.Ajj ' -ill i all laj ■ all J (jjiiilll ^ « l jj 4-jLaC. j 

cs- 4 ^ 4jc jl JJ i^'y <it\\ ^jsjj j . tj/iu^ Jl ^j&j Jll (^Ic- jll I ^>j1-c 1 ^ jK jl ^1 

' " ^ * JT" '*' (jj^ ^ jl (jjc. j3 JtiLall aflll j *n > in j ' " 'I "*' a ^ 

(jj^m^Vl (Jj-a^j tiiUj OljjjkJI (jjj^iLo Jj .AjjI _agJI ClAjj_)kJI ;'*''' A j» ii'k 

^Jajj Jljiall ^^_)ij]| (jc. I >Vnj . ^a-lll J J j-all (jjj^ll Aiui£l J^J <Jjll J J _ja. j-a]l 

.(jjjlill (Jjlij 4j3 J' aaj (Ist^a ljl« 70 ') A^.Luia1I 

^jCIaII (j^lll (jijjjll £-?.ljJ (_S J J^ 'l)^"^J •> ^ il ( _ r i.jJjaiJ 4jj3jll s-ljjlj 

La i all jLpjlj I afrjaa-a i -»'«' Jl ^>J (j^ij LafrjaUu iaj| Jl AjiiaJI <jjjll j jAi^all jl la j 
Aljlxa .lal jll (jiiill J cjj-aaj iAaJ jll l_i jji J j jUJI Jl f.\ ^ill la£j3 
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Xic (juissll J*** U .(tidal volume) ^jLull ^a^JI (^^j _j$JI t> 500 mL 

.Aliihll ^ Loiij 12 o^lc. jLuya ^Lt^ll ^JLJI »!ill 

^j-iiJI ^Jl AjAuiaJl Ajj^iJI ojjJI ^ J$t$\ iJ^J^ t>° Atjila]! ojjju-all (jjjljjill (J^J 
ojjij-all '"'I;; - aSllj CjLu^kJI (j! J^?.j -^'^1 g-jn'ill Ig-Lo j (jjjj^jll 4 a ■ aj1 Jl jjja i "^Vl J 

JJC aJI (j- 0 U-^J^' V ' CS - ^ (J» W'nj .(jjJJ^ll 1 j * n^l ^jjlS j^H ■" < ^VI "Ujllxl 

(j^i (jja mS^l (Jxlijjj .CllLujkJI lillj <Lul j^JI CllLu_)kJI (jl Ajj-oJl]l till jjkjjjll 

^^jiJI ^\ [jja .XNfl jj^i m. ^.lll dLic-V Cliljjkjjill ^ AjjI _jgJI CliLujkJI 

Aja, i ajj - ■ aa II s.U^aC-1 ^^Ic. Axjjjj] ^jjoyVl (JJ^Vl __)JC 1 ■ llflll Jl (jja i a^fyl j 

^jJI dtS^VI jjSU- l.i7 Jlid 

^\ ojjJ (J dj|Aa.V AliJ Jafcl j 'jJJJjll ,J /" AjKII iill£ja.VI JjalLa L-lma.1 .(JJJJ j"'"A"' 
j^ift (jjJaH3 <*Lij-a]l ^^jj^j Ajjlx^i (J^A«j (j^-aJ iijl£ja.Vl JjalLo ^ - » i uJ (ji (j^-aJ AjjJ^)!! 



— m (v j 2 -v 2 ) + rh 
2a 



1 1 - 1 2 



-/ =o 



p 

. ^•>w . rtti (jajall aJU ^ 0.5 jL-j a oj 

. 1 

.(^SSjll Aiill csKi^VI Ajil^ L^l (!) 
.2.17 J^ill ^ J ( M ) 

04^ -2 
: CiLui ji (I) 

.(<iol£]l AiLkll ^3 jjij V (^1) Ajj^I AjC. jVl CjltLijjl ^fl Cjljjij ia. jj V • 



681 



jjalal] J J^y lW-) (Jfi&* JJC. (JaC. V • 

.AjjljJajjl L-Jjjljlj AjtjV ^J*?- A^JLaj (j^-oJ • 

Ui, jjc. ,.}]| • 

3.0 isyj^ -^jj^ c^j^yj 2.5 (_s jjjII u^>^' c^j^y • 

.1.056 g/cm 3 Jill yiSS ^jl^ • 
.(0.03 g/(cm-s) ) J 3.0 Jill f J ^jjl ^jUi • 



Jjjjj jlajlw 15 



1 \ 



I I It .'/ I \_f 



\ 




iUUjIj f J Joi^ :2.i7 JiAH 



.^jSjS jUj^l :PA • 
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.^jSjH ajjjII :PV • 
• inrnHg J tg <cm <min tL :<J-*U • 
(_gill ^.Jl 3 SjS (3^j3 Jia-o L-iLui^ (j^-oj ^1 AiljS (Jl a»* iiiIj : (_^uLojVI (cii^ 



m =pV = 



1.056 



g 



cm 3 ; 



^ min y 



1000 



V 



cm 



1L 



=5280- 



min 



i— iLui^ .3 

^j^C JjLaJ iill£la.VI Alalia L_ilmaJ el ka all ,J jjjj 4LU-<s JLaxTuJ jLsJ : jlxxll (I) 
(jjjjjjll Jyjjllj (jU^juill (jjajj (jl (jx (jiiillj .(jSJjll ( _ r ^jik^a JaljjJajVI 

: 1 — 10.6 |_>uJll_jjjJ J-iC jlx^i JLaxiuil (j^oJ 4 ,j ^* 



Re = 



^ 1 »g ima j 111 iSJLuiaJI (jjjUax^i 1*1 1 nj\ (jjjlcjll (JJ^A ^ ^Jl <J ""~- J'" (jl jjc. 

:4-2.3 ^UJI 

y =Av = — 
p 

: L-lL II (l_j) 
jJjll •iJJjil (J J 1-a ^ .^-sjjif-i AjjjjII AjC jVI 



v 



V 



min 



L pv —Z) 2 71 (3.0 cm) 2 
4 4 



^1000 cm 3 ^ 
1L 



=707 



cm 



min 



Re pv — 



1.056 -A 
_ py-Ppy _ 1 cm' J 



707 



cm 



min 



(3.0 cm) 



r 



0.03 



cms 



60 s 



= 1244 



^1 min j 



.1490 (_J jIjoij <jl Jt^ja t(_5jj^>]| (jlj^jjjdl] (jj) J^C. 1 j ■ -«*' ASjjJnllj Uua jj 
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.^a-liiuall jjaHll JLa-o (j-aj-ia (j^*^ (jJ^^*JI (jl ^J^al (j^s 
el iaa all <xLij-a]! ^^jj^j "Ujla-o Ui.n<" (j^oj I ^ a ;° i a ^aJllI (J^ajLJ (jl Jl l^)Iaj 

:0.5 — ; a jt (J^lsjxjLj 



m (vf -v 2 ) + m 



f P -P ^ 

1 1 i 2 



-/ =o 



f =m(yf-vl) + m 



v p j 



/ = 



5280-^ 
^ min J 



cm 



1018 

V min J 



cm 



2 A 



707 

V min J 



+ 5280- 



g 



15 mmHg-2mmHg 



min ^ 1.056-^ 
cm 



x 



kg 



f 101325 Pa^ 


ms 2 


f 1000 g^ 


lm 


r60s^ 


v 760mmHg y 


Pa 


I kg J 


[l00cm y 


v min J 



f = 



3.09x10" ^ 



.2 A 



min 



1kg 
1000 g 



1 m 



v 100 cm y 



1 min 



v 60 s j 



f =0.143 



A^±n\\ .4 



J£ -3 1 ajj t^jaill j t alU-'.S/l j JAaill j (j^alilll J] Ajj^JI Ajc. jVI Ii—lljaJI (I) 

^ J ja. 0.14 iS J-^ AjSliill tdti jl jJSJj •UJJJjll ^ iill£ii.VI AjllLa ^ cSlli 



.A^liUI 



aj^jJI SjjJ J aJUI iiJlSi^VI Jjala- cjjji 4 22.6j 21.6 (jJliall : l3^ ( (m) 

(jijjjll iiKja.71 Aials* OJ^ (J JjS«-»ll t> lil tAjjlSIl ,^3 J ja. 1.15 — J l&K 

2 *M tillj ja Ja! 
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Jl dlljj^all oiA ^J*^ (J^Jjj 4*LoJI jLijj ll i u£) <_s"^ O"" ^ V* ' U ' Jl AiLiJal 

^-a ojjilia ^ ■ dillll jlfraj ^ till jlxll ^^iJI laa ■ '—II L-lml IJJj .4lal£j ^ uiiUll jl^aJI 
La 23° C 'JjfL) .' oj^io iCllljlxil Uj4 , ;-ll ^ jLuIj j .Ajlj^ll IgjUj^i. 

jLkj (^jLayj .jjjjj^ll (^j^ 0.3j t oj?" "'^U 159j ^(jj^.jjkiijH 597 : <^^ 
• 37° C Aic. (jjjj j jIajIlo 47 j ' 23° C -lie Jj^ j j^Aj- 0 21.1 ^u««ll *La]| 

(jjiiUll s-Ljjl AjjI jgJI CjLjjjkJI 4 j Mir- 1 ^jjc- (j_ajj£ll Aiui£l j ^jja m^Vl Llllll_)a. (Jiiijj 

)ak ■ all ^jJJ L?- 1 ^ 'LfcHAJ^ (J^-' J <J] JS-^ i —II (_3j3 £3-1s La£ LaLaJ j .(3.17 (J^juJI) 
. jliJI Ajjllxo Jl c^jll (jc (J=J.l J i — 3j ^^jII tAjjl _jgj| dliij^JI 4 luir.l ^>JC. ^j^JI 

4jjC. Ajinr.VI jit ^jja i a£ Vl laa i — ^J^J jjl^JJ (jl ■ ■ '7- J < (jja 1 a£ Vl (Jxiij (J' a^J (_^J 
(JjJjj JIoAam 1.0 ojl-lia >>i JjjS 'LJJ^ ^JzJj (j-" • (JjAj JP "I'li ^ 34 L&jl^La 

JJC (jja ■ aSVl (Jilij J' <aa -jJ jgJI tlAjjjkJI 4 ji*r.l JJC (j_aJj£]l 'lun'sl ^jjlS (Jilij ^IjlIjV 

^JLj "i j ' 37° C j 1 atm (jLjjLjij (jjilll (jjjjj^JI Sjlj^JI A^.jjj l;-i1I Xic ^Jl 
Ait 227 mL/min csjl-u J!i*^j ^1 j-o qjjj^ yH^ £J=hj -284 mL/min 

. jjjjjj^JI Sjl^aJI A^jJ j Laj i —II 



Conchae 



Glottis 



Bronchi 




Larynx, vocal cords 
Trachea 



Bronchioles 



Alveoli 
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(JjLoixJI £ya II l3_AA)J .JjSxjII (j-o 4 alia a CjLjjjjobaJ (jLoiiVI <_s-^J **? (j^-oJ J 

(jjS^jjj .a j/ima ojjj^ ^gJti Ajj! jgJI dliljkJI 4 jniftl jlxll (J^ljJ ojjjJjoi 

^j-aj^Jj 4jJ^JJ lSJt^' (JjIao 'IjjJ 2.3 ^JjLaiJ jliJI (jx jljlLa ^^SjJ AjjIjaLojVI 

j^JI djUljaJI ,J jja 1 ..<S> S tjjlj I j^i^a Jiltll el jgJI lift j3 j c(!ill« Sjjljll AjAjgiaJI 
(j^i IjpJ 5.8 _jaj ' a J *jlml (jlxjiaiajj <_£ill ^ aJa&Vl -■<■ a il (_jl t<jj£31 Ajuoi (_£jLujJj 

.(4.17 JLS1I) pI j«JI 



6000 ft 



5000 



4000 



3000 



2000 



1000 



yvwvm 



I 




..... 



■ 

U;» W:5?L JsUS J!; TIS 1^ 



. ■ . ■ 



Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 
2000. 
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J AjJSII jjUSlI :5.i7 Jiifl 



4j| lillj ' «1 > <aJ j^'iH ij-o AjlIo jl ' ■ llSlI *— ili) 1 „'~J 1^1 J (j-a Aiilaj J Ai^Loi 

(_J jlc. (J^Ljaj AjJkll "LiJ^aJI fliil <jjIj^JI CllLujk. (j-ajJa till jliJI Ajjllxa (jc. (jJal «J > n j 

jll AjJall jjUjII aJI Jla*U (jLaj tCiVUJI t*llS ^ .ilalyjaJ tills j ^Lsj <^J^ 
Jjj .(5.17 jLill) jjjjjllj s-^ 1 (> o^ij*^ (cardiopulmonary bypass) 

. f J ^LUil tf i * jjJ mi JjVl Jjt.WH (isotonic) ^^lisll U.-JI 
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J AjJSII jjUSlI All :5.i7 j£^l 



l^jj J tSlJjj tAjjjj AaJa Ail ^i-a jj (John Gibbson) uj^jj?. UJ? 1 

• (6.17 (J^joJI) AjjliJI CllVjlfxiH A alia a -j J 1 aJ jjjjaj ^ji t illiaj . (jj^jji*JI (j^jall LljUlLubaa 
^j-a L-L ialall J 'i^juilxa (jja m£VI dlltlaj tlllijl idllclssllj (Jxaj - j a ■ aJ (Jjl J j 

Jl (_$!) o^IAuuI Jl (_5JjJ (jl (j^-aJ l5>o j s-lc-j J jlxll Cjlclia (jV 4(_paJJ^]l ^nr> 

J J* _>^l ^\>"" ^-"-^ (j^J ^ (jj^J J) J>J L>*J ^ -"*-'■ ^ A£^a. Ailc.1 

pUic. (>ajj«j lsj^j aJ j '(blood thin film oxygenator) cjjS jll ^ jj (j^£Vls 

^-LlL-oJ jj j^Sj ^J^J (j^J <_£^l s-Liiil (jl VI . (jj^joi^Vlj Jc- _a=». j»JI (j«a Jj^J 

(_J^lj 4(jljj^il j»JI (_^aJ_)XJ ^Jji II] .Aj iaja (_£ jlxll jjUI ^a la-jau_a lijl jj (jjj^l 

. ? J LpLi. <_£±Sl Jl LiJ Ail VI caJI o^..,<VI Jaj S*U£ Sijj Jlj *Liill Jjs jj Jl 
AjjUJI CiV^lxall jjji Ji (membrane oxygenator) (jja^Vls jLiill ±jjA\ i«j i^jJI j 

(jja 1 a^Vl JLixJI Jj j-all (JSjj ' (jja ■ a£Vtj ^Jl (jJJ AjjIj^JI AjjjkJI (_)■ aij La£ LaLaJj . IjL^iijl 
(_gjl]l jaJI (jl J jVI -J "I 1 — *M J ILLul ' LjS£I (jl£ AiV 4 ^)jilj-a JJC. _aaj Jc. ^Jl Jl 
(protein '"'^'/'JJ.'^ jtl^J (J^-° tlluil ' . (jj^ m£VI £_a jjualia (jjiLaJ Jc 

jjjjjsll j oltliill (j^£2 j (hemolysis) *l >a=JI ^1 J!i2jlj denaturation) 
ajj! j^JI Ajjjkil (jj^^Vlj jUiill jjjJI J (^jliil J^LuJI (^Uj .(fibrin deposition) 
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('r J )j ^Jajui "L^Lum (I) ^Ajllc. jlill (JilaJ {ja (jl i£ aJ (jjllag-a (jjli^li £y& 

4_jjlLa jjSl . jlill £yt ^£>\ jl-lLo "Italia (j^-oJ iojJJ^ A-ia Lxui <L^Lul« J_j^_jJj . eLic. 

^Lixll JjiLuJI lilt jjl^jj V < j/y*;:^-^ j£"J^ <^ jL»SI 70 m ^LaJIj 

^ jS kiM aJVI u 1 VJ JiJ 10-2 

. ^Jl (_J_jial oioj ^>j£l (jj^-uiSI 




o, 



CO, 



Ji r 




(cj) tjjSjll c-Uic. oli iAjcliall (I) :<jc.1 h all <jjll iLJ_J CiUs :6.I7 <J£*M 

* J v a^all .A nl 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes, 1976. 

Galletti PM and Brecher GA, Heart-Lung Bypass, New York: Grune and stratton, 
1962. 



CllUj£ll (J!>LiiY J/' i a £-0 (_£ jUJI JjLiill dj (j-a jjiill s-Lixll jlA^. jj^aJ 

s-laijl AaJ*j li]j I ^jja uSVl (Jiiij (J J& (jjjj^ll 1 j > n^l (Jiiij <JC.I li all AjjuoC-VI J aiijj 

. (j_aj jill 1; i o^t W^ 3 f JSill Jjut^i <_ s ^' : ' (J «»"u in i— a^ui 
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C-Uatl (j^-oJ <A lalaJI (j_a£j jJaLi-a j^ji^' (j-o A)_}^ilj • J-**ll (j& ' . llall L_alijl A*J (j^aJ^all 

.^a11 ^-"-"j jl-^a-a ja j t(heparin) jjjLy^ll AjJall AaJjaJI J] ^ill (J^jjaII 

(J jla aj £tJl*J '^1 ><i (jC. I ■ llflll t-jliV J .(_^aJJ-all ^'"~> AjjJ^)ll A-ulSlI (_)j_a jj 

aJVI J ^»a1I ^>?JJ **„'^ . Jfi^ ^ U.vfyl jj t^All Jc. a Ac j Aj£_)i. <_Lij 

- 1 aa jl f 1 i A\l-> (j-ajlij Jjj < - ■ "7- II sjl^)^. A^.jJ 1 a-^ i\ Jj lilli ^JjjS iAjjj_)ll Ajjlkll 
cittS Lj^U. Jab. Jj OS^I lJSII Cdu^C A^U (j^ffi y^jyj .(j^Vl Jj >Vl 

(jj^j .^A^IjaJI dlS jll (j^i 1 r l aJ <i jj La Ilk j 4(JjlcLui 6 Ja (JjyaJ aAa ' " Lit 1 iaa II 

eii'mV ^aII ojlja. Aa.jJ AWI J CM^* £*JiJ ' . ^ Jj* "*' ^ '^ija-ljaJI AjLaxll tLpjl 
(JjLjiaII (j^i IV gluiJ .(j^ajj-all ^ 1 aa (jc. aJVI (J - a3 (JjS AaxaAd1\ - 1 SI ajl^ja. Aa.j.1 

.Ajjj^)1I Ajjlall aIVI ~; a ■ aJ jjjl»_a Jc. e j' all ^JaLaJl liA AjLp J 

j»All Jjjjj (j& AiUall Jjislia 2.17 Jlj-aJt 

ijxo AjjjjI! AjJall CjVVI -k» a J J«iM.nj is jl jaj A^jJ Ja jjA jAa. SjlSV :4jlui« 
JjaaII Jj AjIaiII J j»A!l (Ja.A] .A^aAiAa l$-jle laliaJlj ^ill ojlja. Aa.jJ j'--'^ Jc cAc.1 mall 
J Llsl jpjl 4 lm-~.| ^ ll£ll (jjaAill (jA*-aJ -\_}f*ll _)JC j-aj ^aJ 1 37° C \S jLnJ Ajjl^p. <La.j.Sj 
Jjjj t^jUJI ^JUll j .* M 2JU. J .Ajjlkall 4ja.jA!l Jj AjjIj^. Jj-aJ Jia. (<L3aSI 

jjjj • 30 C AjjI A^jJ ^ J ■ aJ Jl^ - 1 II (j-o a J jaJI ^^)J-aJI 

cdlL^jJ tjHfl^ (jlS AjIaJI J <1o ^jliJI ^a\I ojl^i. Jjiall Jj (Ji-UI ^a\I ojl^i. 

^jUJI jJLJI (j^aiJJI ^Al ^aII jl (_>ajjal .^a!! ^ SjljaJI Ail ji JjVI Ja*-<JI L-lma.1 

^aU ajjIj^JI AjtjJI jl j 1 1.056 g/cm 3 t£jLuu (»a!1 AiliS ji j ii-iljpJ Ajoiai. ^jLuy 

.3.740 j/(g-°C) Jill 

:JaJI 

A . 1 

.(j^jjJI ^ Ajjjj <_]J (> SjljaJI All JjVl Ja»JI L-boa.1 (!) 
jaAll 'ijl^)^. A^.jJ Lj ; a (_JjLuij Jll A-ojiaiall 7-17 laJaa all laJ ' UU-^ A\ (1 . \j 
^>All (j-a 'ijl^^ll Alljl J!l«-ii Lai .T 2 ^jl-iJI j»All ojlja. A^.jJ (_5jLuijj tT^j (JajAll 

■Q lsjM 



690 




All jlj SjljaJI 4a.j.S (Jjil 
. JJJJJ Sjl jail 



04^ -2 
: CjUiJaja (I) 

.AjjjjII AaM cSJ^-Vl *l ja-Vl J M^Vl ^ ojl jaJJ ^Lui Ja.jJ V • 

.Aj^jaJ j Alalill jiilall gjSUa till jjij .ia. jj V • 

.(j^ajlxi JJC. (JxC Aa.jj V • 
AjjIjaJl f J 

•J 'g ' °C 'inin 'L J^n'i^l iCjIjls. jj^jll j oljjiiall (Cj) 

2ilj£ JLaaiJj ^;Va\l JjajGll j!ix-<i Jjiall ^>JC ^Jl 2Jj£ j!ix^ jLaij ^LaVI (til) 



m =pV = 1.056 



g 



cm 



^ min J 



1000 



v 



cm 
L 



3 \ 



=5280- 



min 



. L uL> til (J^*"u»n ^jl (j^-aJ A-<u3 ai&j 



L-lLuia. .3 

SJjlx^i (Jl air'i l nl ' ■ la-j c4iUa]| 1 ja ^ jj j c'ijl^a. L-lmaj liil Jl Ijiaj I CllV jlx-oll (I) 
Aijj^all JaTuni IjJj luV'iu ^ UjAjI Jjj ^1 fjallj 4jKII AlUall Jaliajl 

: 10-3.4 k^m\ 



nonflow 



dE T 
dt 
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:20 — 5.4 SJjla-all (Ji aatAuiU ja^ll ^jl^^JI i_g all L-lLuia. 1 il£ aJj 

Atf =c ; ,(r 2 -r 1 ) 

: I— lL II 

J j»^Cj cAj^^pJ! j Ai«l£]l <La jjaiojl ^jsl la ^3 till jjxj Jja. j ^Ac. lUajjal • 

Sj£lm<JI aJL^JI ^^jxj j .SJjIx^II ^ jjA^JI oa* ^Jmjj lil Lg-aa Jja.Ha jjc. J^c 

:J! AaLUI JiUaJV aA^UHI AbUJI Jal^j 

J 1 * J s 

r^^iJlj (^jIjjI ^jjjc^ill ^jjjjl^pJl ^jjjjI^-aII 

mc^cr, -r 2 )+e=o 

^ _jk-a jVl ojl j=J Aa.jJ L3J* jV 'S J J2JI Ajl jVI J^xJI i-jLaa. 

: 5 C is jL^j 

2=-^^^ -r 2 ) 

kJ 



f 5280 


( 3.740 


(5°C) 


' lkJ ^ 


v min j 




V 1000J J 



= -98.7 



min 



2 ^ i* .4 

j!^ (^i t -98.7 kJ/min (j^ull ^JjVl <_&*^ll ^ jL-y lulj^ll (!) 

. 98.7kJ/min csjL-y 
c(Aalk]l jaa) SjjaJt Alljl SjSLa ^» ^^..u ■ JjixJ aJLJ SjLiVI : jS^'ti (■ . >) 

Ail CjJj ^.jj V dlja Ajlaill JJjiill <W Lujij JlaJ £j> jxill lis (j Vj 

l—lAAjj ioJj^jJJJ I^JJj - ' "7* SI j»A £-<s J J >fa]l j»-JI ^jj-oJ < * ' M aJVI -^Jj 

^3 TjAJVI <Ji.WI j.^31 ejja> (jU lil .aJVI (jJj j»^3l (> Jjj-a 

^^11 ejlja- Ap.jJl (jl (jja. t 30° C ^gJ^ W^!J^ (J-aaLjjJj 37° C AjI^JI 
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6 J J ls^. Ij* .30°C«Ja. 32°C(> u^als i> ^ jlaJI 

. 5° C jjc k?U ^ (T, -r 2 ) sj jaJ 

jLaVlj Ailalalt L_ut jaJ jU tAjjSill Ajaiill sAia. <JjJjll AjjISII ClVYI Cul£ jl Ja. 

cAj^jjLaYI el Jill f jSJ Ifrll aiLmlj Ig-aXaj aj s-ljjl (JIJI jc. ' ■ VI ' . '7-,' 4-a^.all j 

4 i^iI-n Cjl*j^ujj £jk^a_aJ (_gj±J)I\ tliVIS _jll jj-a La& JJC. j mjVl dlLa la 11 j Aa^all ojl jjj 
' " ^ */' "V M J t_J^>jjj]l (j-ajlila .Igjli AJVI pllJ 4jiiSLjj ■* alia all 5JVI sljal *Aj^a 4ji£j 

jV 4(_Jjj^>jJa I $ Ijjl jl j AJVI el jaJ £_■!'"'> /ffS el J&ll CjlclaS j Aj_o-qJi]I dlljfrajj Ajjjill 

(jjjiajlj .4-ula jl 4 lala 1 AajU^al jl (j^ajj-oll ^IjjJa Jl (_£JjJ (jl (j^-aJ dlljjLall ojlA 

4j| lillj Jl ' al ■ '— J .<LajL-a dlUliala jlill (Jjlia (jfla J (jl ■ ■ laj < a-jl ■ a _jaj Jc jjjj^)!! <ajJa j 
. (j^aj j-all j» J jIjj laj ■ '—I jjLa^i jaa 1 ia j Clulj Jja Jj (j!ix-a Jc <ajJa<a]l Sail aj (jl 

-SjAJu laJam j3 jj (jl L-laJ t<jjx-a -j a ■ aij jjjl»_a 4jjj^)1I <U^/I j'^' (jl 

20 (jJJ oXa ^ jjG (jl (j^-aj ^ jjLall ■ ■ llSIl 4a.l_)a. (jl Jl Ijiaj j .jlill Alllxa (Jjgjoiil jiill 
(jjjjlc. j-aJ^Jlj ^u* all j»-lll (j-a AJlc dlLj ji mi <i Jc 4JVI Sail aj (jl ■ ■ laj tdjltUjj o^C. j 3 SjS 1 
.(AijaJ J OljjJ 5) (Jalla ^JS Ji»*j r aJ Jl u?a^l J*aJ (ttj J 100-95) 
(_j jLoiJ ' '".') OJijfc^ V' ' "^^ <_r^ L>° I J-^ AjjiSj ' " 13 jll J <1VI (Jjjj (jl 1 , 

LgjjjjJa ^Jl j»C.Ull (JjljGllj Uaola j ^»j!>La pH (_g jfl 1 11 «l Jt ialiail ((3^j j'".:\."' 40 

(jl ' ■ ia-lj ."UaiaJI (jjSj Jl LiJjJ (jl (j^-aJ (jj^lll 1 " 'I J^)JI ^tlaij j ^.lll Li!ila. J^iLajl f. 
.^^cliall jl^ail AjjLJI (Jxill eJj JLa!ia.l j ajlajl LijJa. Aial jla jlill J^lfa j <]VI ^1 >a jjS 
^j-a JJ oAa.1 j o^a A-aLl-a ' ■ Ujl j| I^jS (J 1 n'l 111 j C(j^aJ^aJI 4_a!iLJ Aaa&VI Aj^i <1VI 
<j^alaJI 1 g 1 nil 4jjil]l L_lil jaJI AjxAl jA3 Jc ^ A^i!>LJI Cjl«.lja.l jl .CjLilii]! £a 

.Ajjj^)1I 4jjlall aJVI £jii-aJj •< a ■ aJJ 



1. Baldwin JC, Elefteriades JA, and Kopf GS. "Heart 
Surgery." BL Zaret, M Moser, and LS Cohen, eds. Yale 
University School of Medicine Heart Book. New York: 
Hearst Books, 1992. 
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.(^Ic-jll (JiaJ 0 II) 3 ig jlnmfl (.] j^il AjiaiJ <C.^>jJI AjAsj <J»j (j* 3 — 0 (JJJJjII 

J 13 AjJaiJI <C^)jJI L-lmaJ j 4*1 j^JI oLajl JJ*J Aj^jLi. (_J j3 J j j»JlC (_pajjal 



.(Jjjjj jj) Cilo jii jjc CjIjLuiaII jUjS :l.i7 JjJaJ 





(cm) JM 






1 


1.8 




0 


2 


1.2 




1 


4 


0.8 




2 


8 


0.6 




3 


115 


0.32 




6 


8000 


0.08 




12 


500000 


0.05 




18 


300000000 


0.02 




24 



jjS S-ulj-a (jjli .1.17 Jj-^?JI (^3 <a.jA«]l djlcjioll (jjj -J_»ilJ JJC. l.lm-st tt*S) 2^7 

4 alia all ^ jijll dlLjjInm (_jjjjljjjj J^C. j <C^>jJI j jUatt ^jj illla^ji.VI 

jj^ajj . (_yiaH]| AjLaC. (J 1 aaj !}LaC (jjiiUll ' " 1^ 1 iaC. ^j£j (jl (ia) 3 • 17 

(jjjj^)!! jj (_5^1l (J^utll (_?l jUa-o (Jxc (1) :dUa dLitj Jl J j,\i«ll Jxxll 

^j^UI JxaJI j_g\ t<a ujVl "LajlLa sL^J (J-aC. (2)j t jAj-allj (jjJJ^)l! Aj^all (_J jill <$A,I j-a 

CS.I jgJI |_£jl=>-a "LajlLa oL^J (J-aC. (3)j ' jAj^allj (jiijjll (jljii. Jj <Li.jj3 Jc L-llijll 

(JLaxloiLj .(jjJJjll J s.1 _ojJI (jC 4-ai.lill "LajlLJI Jc I ■ llall] j»j^JI (J- 0 *!' 

4-aj!13l JaxJI (j^i Aillk-all ^1 jjVl ',lm*>l c8-!7 J^nill J 4_UAa3l ' "-^ '*'^J'- '■- 

.f_g l-\it SlC (j-a JJj] 0.5 (jjLiliulV 
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3 



0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 



i 1 1 r 



T 



i r 



y = 3.72x 2 -6.83x-5.0 




y = 10.2x 2 -10.0x-5.0 - »• 



y = -5.0x-5.0 



■ o^issll ^ <_M cm Jjlia J^i^l :8.i7 JiAJI 

jjjjjjll ^ J j^jaII ^ajajqj JJjjll (j^aSLa. jjJ jA La ^(^aJajjJI JJjjll (_paaLa. jA La 4.17 
JJC. ^ -sin nil jj (jiaLa. jl£ lit ?4jjI j$JI 4jjjaJI (Ja.1.2 s-Lall , - -s i-i i nil JJ jjll f»jhn ^ 

CjliijkJI ( aIj (3-°) J' 4.1a ■ a (jU t^j-uSal! ^j-a (JSI a jl^La jl J ja. j-a 

jjjjll Ajj a£ (jLk-aaj jl jamll J^J-^I Q afll a j»lA*jl jijlj A JiLlS ^^>^l '(^^J^ 

.AjjI _jgJI ClLiJjkJI JaijJallj ^aJaijill 

jjjjII (j^aaLa. (j^i ^Jt-ula jl^La -l_aa._aJ ^Jt-ula JjU ^aJajgJl JJjjll jLji] (ia) 5.17 
^^a-Lxmll JJjjll (_g jl mJj . jj-aiHail] 30 — 5 AjjI _jgJI CllLu^jaJI (jiajj (_gi]l U, ,,11 

50 AjjI _jgJI Cllljj^aJI (jiaJJ ( _ r aJajoJI jj jjll ail a QjJ ^j-a ^Jt.uja JjLml 

; la» i iajl j ^a U.,,11 jj jj]| ^jjj A°£hjtl\ j . j^aJdli oil 

r 

jJaS (C jIj^Jj J$J1 AjJ^aJI jiaS ' aj jA T j ^ ^ U.,,11 jj jjll jA G (jj 

V Ajl (^Jl I jJaj j . jJJ^Uil jjiJLJI <_S-J ajiaS ajj a-ilc. £^aJI JULYI AjjI jgJI Ajjjkll 

t(J-aaJI qa (jjjjLuJI mi 11 ^^Ja. AjjI jgJI CllljjjkJI ejlfc ^ ^ U.,,11 jjjjII (j ail a j3 jj I^jj 
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(Jj'H'n ^y^a. C5"^J ^tiii f (J-<utl! L- luiaj ^ a L i " JJjJ jail ^ %Ac ^.laJI (jj^J V 

4-Ut.uJa dlLj j'l l ii a ,jja._aj jiailluil] 25 (SjLuiJ a la i oil JJjjll (jl (j^ajJSl .8.17 (J^ "til 

.j»la 8 (_5 (Jilall t5-^J Aajui (jlj In i nil JPjjll (jiala. jj-a 

AjjI j^JI Ajjjkil La.i_oAj ^xuijl .AjjI jgJI AjJjkJI (_£ ji t « n jlill <U.iLl« J jiijl (iil) 6 

Aua'i ( _ s ic (Cjpao "LujiJ s.1 jA (jl Lwajjia t<jj^JI till jjkjaJI (jJJj I g ^^ijlall laJ 
Ijilo <taLvall ^tLall (jjauoi^Vl jl^La t -lma.1 .Alall J 15.4 (_£jLuij (jja . XNfl ^ Ajlj-a 
(j^aj cAjjIj^JI AjjjkJI elj^JI (j-a JJJ^ll I^A J _ja.j J) l^jiaj j .<ii3Jl]l J (J j^JL) 

(_£ jlaj 44_a.lj <ULa. J a ■ II (jj^J 1 a lie j .CIdIj <jj^)aJI ,j jlc. JS j^JJ (j' (J^aljJS^I 

40 lSj^j t^-^ 1 j^^-all m^Vl jIAaLlo 14.4 ^jic. ^ajjjII ^jJI 
g:>...<VI t> jnl,;!.;^ 19.4 Je 

^Liaj (^jlll .n'sVl jl^La 1 -lma.1 . (jjjJJ J*«jlj« 100 (_£jLuij P Q Jja. )~»» > jaiaii]l 

SJjLbail ^llall jj-v .xSfl JjL, jjla j t 4jLa.ill J J jJLi I jjla <a.l jll <5U. - ■ "7- II aJI 

?l_£)Lia.VI J ja.j ' jA La .AjII j i aa II ^tiao (_$ill jl.vjulLi 

^ij .(jjiiilll j^J-a ^)juilxaJI -^■v'iII i*"- i^ya LujoU Lag-a (JjiJ (jja i a^j/l (jl ((_>") 7 

(j dillll CllV^Ji-a Aj^J LojJJJ ljJ J j»-^l <_s^ U-^J^' JjjuiSI dLjlui-a cS^J^ '^51 _j3t 

(Ji-aaJ (jj (j afljij II ^ -<-s.'U AjjjaJI Ajilli _all sjAUall O^A ^ JjjI (!) 
i J Kfnj . H 2 C0 3 jjJjSlI (_pa-a^. jJjSil «.Lall ^-a ^Jl ^3 (jjJjSlI AluiSI ^jlj JclijJ ((-j) 
jl^jj I alia (_^l CA ijjjSjjll j (jja jj Ixj II CliLijjl Jl IjJjlj (jjjjSJI j'- aa 
. (jja. jjAajJI Clllj jjI (j^i 3* jlp>JJ ' (»-At J (j_^ J^' \!'"^ J^ 

C0 2 +H 2 OD H 2 C0 3 D H + + HC03 
J-Lua (^jLayj . 4.3xl0 _7 MjLHI (Jclioll J ^ j jl jlall ^Kfill ciulii ^jL^j 
^15 JjVl t>^l u' u^J^ 1 . 17.575 mrnHg/jaM uj^j^ 1 ^ J^ cSJ^ 

jj^i U'aa iJlul jjaiall J djl j jj j^Jjll j (jj-^ j j llj II dlj jjl ^J^a. (jl Uiajl (jiajjsl j 

j^l ^1 jLU P C q 2 JjVl J>il -ki^li (ji£ lil .ojjj^I tsKia 

^ill ^jJaj-aa. J^ilc. <_J jLuj ?pH ^Lja^aaJI J^ilc. Jjla jA La c 40 mmHg c5 jLuy 
?^J| 4j^a j^a. (_Lilc. (jc LiA <j^ama "II AjJa j-aaJI (J-alc <-aj3 1 allaj IjlLal .7.4 a Ac 
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jJ! AaIw -II f. jaj 

CaMj lil^ij^j jaiXn jl k . la-j .till J>~>1! jLuiiVI <Jjjl Li.- 1 J^j f aJ " u j'j («4 8.17 

LgJ iiljLixi.1 (JJc j ttlll ja a II i . lilljl j« jj£I jxuJajj (jl j^ajj 4(J3VI J tl]|ja.a 

^J?- a (J£ jA La 4jjja II 4jjjia _jll ga^aj liajx-a Lgj Ai-all tllljl tllL_ial jjaVI J 

J 4jtaLui j jlill JlUjV AjjJaJI SjajTA j]| Ajaljll j« (^xilj jT^ -J" jA lilS-oA (iil) 9-17 
^ij-aj jjjJajl Ajjjjjla. ^ laa ^jjLi La J Lijjjl cLa^all oiA ^o»* t_lfuijj . jLmjYI <^-^J 

Ij j«j )-lj i HJ 

JjaJ !-iir > <ill t-luiajj c jjjjjll jxi ejii JS J s-lj^ll J A-o^-oJI till jliJI Jj£ 4jjlj-a 
lij^ uj) 4j...«Vitt o jjAll (J-al£l (J£ jlc. (j£l (_J jlaJI ^ un'ill t_!j£jjll j ^a a j| j 

(J^ j^*-* 3 ^ j-*!! jl^a ( _ 5 it (jlc -(IjJSjj 

^VLaJI 

Sj^jJ tAlall J 17.6 4 nmlll 4jjJajll :.kla_all _jaJ J «l j$ll AjjVI (_>ajL^aaJI (J^ajjal 
jlajiixi 597 j^JJJJ^ <_S^3?"^ ' ^ 'lSJ? 1 1-0 i-^all '23°C SjljiJI 

j_jjj£ll .Aiui£l jLil JjaJI Laa i iall '(JJjj jJ^jLba 159 jja i S JjiJI Jaa i iall '(jjfij 
jjaja£VI j j_aJj£ll 1 j i n^l jLil "UjLiaIIj (Jtlidll J^a-a jixu-iaj 1 . la J . JjJjj jlxuL-a 0.3 

.AjjIj^JI AjjjaJI J 

1 4lbJ 

jjc. jja. aa. jj a3 (j in Vim all tlj^ll <J£ (jl (jiajjal 

(jlj c(jj3jll j (jj^ itill «ljjl) cSjaJI !-iir ■ ;-i]| Lajlj (_£jLuij jjjjjll (Ja.|j infill jlj ^(JtU 

.a *La jlVmll 

2 ^LSLaJI 

(jjJaijJa (j^ajpalj t(_£_aaJI Lij i iall Lajlj (_£jLuii (jjjjjll (Jilj Laj i iall jl Ajj_iaj3 ^11 
S.I _jgJI t_u£jj jni'ill liA JJjJ ' ijS . jjSjllj (jj^jjill *fl - (jjjjjll (_]a.lj jnir^l j 

.ojiluia AlLi (_ji <-a_jlalall (jl (j^ajjSl ?^jjJa-all s-lj^Jlj AjJjiJI (j/ajJa 

3 ^bJI 

' 'I'-^j liLal .(jjjjjll j (_j.alc.jll (_ji J j^ll 5JjLja1I J (Jclill jjc. jja II (jUmaJI J la. 
s-IjA JJjIj jl^La jA La ?^jlaJI Jj ^ jjiiall f.1 j^ll jt tllLlljaJI J s-lj^ll t_li£jj 
» J°"' ■ " - SJLa. J 4-a jlalall jl j^ajlal ?^ jjlaxll s.1 j^JI t_Jj£jj J (JtLill jjc. j;^ II 
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4 aJLJI 

.IjjSjj I »j ^ ui s.l_jgl] CjjIj dlli o j.«"i..i.n SjjjJjoi jA QjiflUjl (jl cljLaC. 

fljul A nil till jlill (jjai (Jia-o ' ■ Luia.1 < ^jl'ioViA, * jjijll j (jj^ uJI (jl (j^aljjaL 

I jja.J (jJJJtil J (jjlaijja (j^ajllal (_jl) I— ll utaJI ligj lilkla 3 AJIaJI J aim ml . jjSjllj (jj^ .till 

. ((Jcli JJC. 

^Ijj (jja i S (jjjjjaJI (jjJaxjJall jl^jiLail jl dlLj (_jXa jA La CjjjiiUll frljjl 10.17 
.t*l*uL>l Ju-aS jxj jg laJ Ja ?AjjI jgJI CjLujkJI ^3 (jjjjSlI .Ijm^t 

LjJla j (jS^iJ ^^jll dll J.n»MI ^jA La CjIjLixj ?iili.ij-aj ^Jj ■ ■■■«■* (j^aj ' Ll£ 11.17 

£jojj2! <jilj-»f -III f JaJl 

.^jijlaJI ^aJI ^ «i i n j (jjjj^ll ^ji *lj$JI (j^i JJJ^ jl^La ^jIjj 4<Lul*JI (_^uijj]l *Lul 

.14-12.17 (JjLouJI AjxaVI (> 4a.j.2 (^Ac '^jLnll j ^SjLtll tjLaaLai j 

Jill (J fl JC. 1.0 (Jc- f i nfti L>lo (ji 'mVn coLa ,> jsa (4 12.17 

(ja 4j3l£ oJLa -ixJj .Ajoiij (_£jL«JI s-l _jgJI (_>uijj (Jix-aJ Lj^^Ia j 1 g al .'Vi, J (jfLaJj ^1 ^J| 
S-L^lljl (j^aljjSlj . s-l _jgJI jjj] ( jj jil^jC. 1.0 (jJJJ_)ll (jjljJ-a]l lAjj£jp ~ « i aJ tLj-i oajj 

^£ .Ajjlc. Ajj (j-a JoLall (Jljj ' ' ■ aJ tllV jlx_a ' ■ uSI H— ll ;g II ^^Ac. JZj^ s-l U (j^ajxjll 

1.0 

P l> 0.010 j> ^ cs!) jLlikuVI ^Lfil jl£ ^ill j^jill j> Jal Alall ^ 

4(j<ajll ^-a Aj^)1I ^ QiiLuaal] ^ oJlLaJI jj^JJ JJ»^ LuLu Uja La ?^tl j^JI JJjU 

. L_ll JJ3 Jj] Sjt»K*.M Aiill Aj jl Ajjilx-a J^t'uiiI j 

^j^I u^i <LLJI <]L^aJI ,J Sjj^lall A^LuaJI t- ii.n'i («*JI SjLall J (J^J^ 1 (4 13.17 
■ ■ Uj-uJ ^^lill sjLall (jl (j^aljjaLl .<la]l 50 jl^Laj (jli^aJJ AjjI _j^JI (_JjLi-a]l (J*aJ (_jill 

(j. Vn .i n (tlj^JI <j-a jlil JS ^ ^Ijt 1.0 <_5jLjj jj^jjj) s-lj^JI Lf* ^ unl uiaJI 

"ujll ^ cjj'j^ 1 j^J^ CS^] ^'J <a.jJaj tlj^JI (jl i* null (Jix^iJ ^jlajj 

^ o^Lall JJ^JJ (j-aaljj t 'a.^'i ClV^Lt-a t_il£l cs-1 _j^JI (j^ jjj] JS ^3 ^IjC. 1.0 (_5jLuy 

^jjl_ij]| <■ J. a^j liLa :<Ua^iL«) l^al «Lpjl (j^aljjaL jjjIL <j! ■ a-aJI <jj]| 
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,j o-iLall '—\ a-i- 'ii l^a^aLiuiJ ^^lill o-i-all ,J« La . (?_jj_)ll tljjl ^a;"' all a 13 j 

\ *\\ .'.ill i.l f.lil (^ill jjfijall (j-a Alall 1 .0 (j-a (Jal ^ 1 * ^"'^ AjjI jgJI tllLjjkJI 

jjxjI LuLu Lua-La j^jl ?(eljfrll (j-a (J^ is* ^ Jf" 0.010 (j-a (Jal Jfk-aJ ^j-ta. (_£l) 

Ajlal£jll aJj£1I Ajjlj^i Al.il*_a (J«»'iinl j 4(j-a_^' ^* Aj^jll ^ (jjuotajl] AjIuiaII ojLall jj^JJ 

(^) 14.17 

.SjLall lillj 4jj£ (j« Aj_)1I (Ji.-li La ' ° ■ aJ AljLt_a ' ■ u£l t Ajjj (J j L aa ^^C (_paljj3Li . el jA 
(Jjir-i _«11 A-a^pUl oXall ' . ' ■ I j cAjKII LjjljSij Aj^)ll J Au.i ...^11 o.}Lal (jjl jjll JJ^JJ 
AjU£j]| 3Jji]| AjjI j-a 4k\ju» JnVmil .(jjl jjll A-aj3 (j-a Alall ^ 99 J Alall J 50 ^ 

14.f7-12.l7 (JjLui-ajl Atj^jJI CjV^UJI <_£&ii.lj A*J (jiaLi (<il) 15.17 

oIa -La"*j Ja ^(ventilation/ perfusion ratio) ajjjjII Jl ajj^jII AWi La (^) 16.17 

. t«SjjL>j Jit ?Aj jll (J ^a jJI Jc. 4 ini ill 

J jlill AhL-a jL-aij] AjjjaJI Ajiilajll ujUuiVl (jJJj '4-iJJJ (_p=lj-al Aa^Ij jfiil (j») 17.17 

?(_pal j^VI liilij AjjjjII Jl Aj j£jll A ini jjIjj t LjS .lg-La JS 
(_)Ialj-al (J-aja. uS Aj^Aj (j-a La^iu (jjlj^llj (jJJJjll jJj.^-i'il (jjjilli^a (jJ-ijlSj (jjiSU (j») 18-17 

.A3 jll 

(JLaxUj AillL-aJI Ajjjjll ^j-^^ll (jiilsj t L£ .(spirometry) (j^Till ^LLa t_Lua (^) 19.^7 

?Aj Ljjc ' Ll^JI (jSLaJ ^^jll AjjII (j^al^al Laj (_jjiiiill (jjjLLa 

hjl J AjuM 2&\ -IV f jaJ 

jaJI liA AliJ (> AjUVI ^ AlLa^V Ajjj jl! AjjIsJI a£U Lkkk- 9-17 J^JI 

.A-a jiaiall JJC. ^Jlll liLjaj] Ajijljjj^]! AjJyjjll AjkjJa-aJI Lpjj-aJ ^1 AaLUI Uu^l (ia) 20.17 
^jLiill jja i afSyi ; Jjj-aJlj g unill ^-a aJjLu-iJI till ^ jsLall AaUall (jl (j^ajial 

Ajaiij k« ■ all jA - 1 aa 11 uni ^1 (JkUl j>jll W* (jl j iASuSJI ^ V 62 <_5jLuii 
4i__i_ja.Yl Ajj^jII ^a A^jiii laj» i all jA - 1 II (j-a ^jliJI ^&a11 iaa i (jlj c^jVI (jL^uJI 

.A^i jJalall (J-al£ ^ji AELaJ-a ' . Ujl iVl .sl*jl (jlj 
JC. uBll >-iajJ t_L£j ?t_JSll lL5 Jai J^j-all ( C XaVl J) jlU jA La (f) 21.17 
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(-^jW — l>^Lj s-Laj I j^l) ^^w^ — ' "* J^ J -^^^ 22 

. i— alii] Ja jjaa j JJ^JfiJ cllVlaJI -^"* * J (j^l at'im'i La& j c<La jlaLaJI 

i •' 1U3 1 j " JAa. .((jjliJ 5 (ja (JSI (Jvta.) AjIIc. <C-Jj-uJ AUJ^ j» J ' ■ la^l laAc (Y) 

' yj..''*' ' J -y_>f^^ Sjb *La ajl^)^. ^-^J- 1 Lj-LajJa (j-aj tiilli (jja^li -^f*^ — (jajjiall 
sAaII t ■ iin-sl j .ejljJI J «.La]l (jjajj (_&x-aj s-Lall (jjjj <_£jl j^JI (Jiill (Jia_oj 

IjlA (jj£j (jl 1 „"^J •^JJ-° "*-^J^ 30 — 28 ^jJa ^ 1 * ^ -^Of^ "LajiUI 

.2.17 <Ji«ll J Jjj ^ill <ilb o- ^j.^' J&\ ±L^A\ 
VI j) I j»Vb* 750 jajj ajI^JI J L^li *cJ-» ^ (J- 4 * 2 ^(m) 

f-^ J ( jjji^JI ot&Y j JjjjIjj) (crystalliod) ^j^La J 

^^±Lal\ ja^ll jl (_£.l]j_all tjjla alj (jjSj (jl ■ ■ L2kJ ^^jll ajl_)^JI La .<J ^_>ila 

— 28 (j^ajj-all -^^^ __pUI oAxJI J JJjJ ' aj£ j ?L_UjljVI Aj !}LaJ Jiil <J 

?4jjla 30 

La •LjaJI Ajjla 4^.J^ 30j 28 (jJJ e_llk!l (Jjuj Jai. ajlja. (jj^ 2 U' i t ± tS ') 

Lj-LajJa (j-aj iiilii ajl^j^JI (jj&a^ 4_aj!iUI JjJ-all — (ja m^ll diUajm j-a 

*La]l 

.<^|^iJ| (Jj5 a £aa a C±i\£> 1 ■ llall (_Li (JjLui (JjL^I (jl (_>i>JJ3l .ajUl e-La (jSJJ (Jti*-a j 
(jja-ui^Vl Jaj ^ji IjuLa jJJjlc. j aj^ II (jj^J V 'alio AjJaLklall ajl jsJI Ajc. 23 

i J^laJI jj-v ...<^l JLaxloil jJSj t^jjjjll AjjISII AJVI <-a jJiia ?bLa] .Aa^Vl Jl 

Jj£ Ajjl CjVjL" i ■ ''<! .Aja-ljaJI AjLaxJI fLui jja ■ u^Vl ; AajouVI AlJJpl La_pLJI 
(jjajLoSVl JJ^JJ J JJ*^I jl^ia jA La mJJj]| 4JVI ■ ; Lul jl J J_ai.j-aJI a^3l Cjljlc. 
(jjilll JjaJI jjauLii^t Jai^aj *l _j^J1 (jSi Uu^l VJLixJI ^ jUJI J^lxaJI fj^l 
(jc CjLajlxJI ^Ij I^UaaSLa) Ji*^l (jj*^ jLiuJI jliJI J^Lva Jj La^-aJ ^' ' ■ la-l 

(_J jLjjj (jj7> l.i^VI (J!iLajl AjLli (jl (_pajaal .(Ajjj^JI ^.Liaj^ll J QjydLaJ^jl 

(> jljLLa JSI 0.0023 

(j ajl ■ aa ^ya La .AlVI ala (J Aiaxloball AjjLiiJI jlill CjV^LuJ ^UJI ^Laj ajll t_L^a 24 
^Jl Jl jja ...<Sfl Jaj as-US jl^la jA La f - <ajll lift LjjSla-1 jll 4_aLtll «.l j^JI CjLyj^. 

?WI aiA J 
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jSil 4 (_il2SB |j* SjjSU! oal jil! ( f ) 25.17 

JLutiuiU 4-a*Xa J&l »M Ajj-aJ j i jJI Ja Jit j 



SjjJI 4-a jhia ^3 ^1 £3.1) ^ill ^LaVl jjSsoI] jA (1.^7 J^Jili) {Ju»ty\ S-Ja (jj 
(jt (JjjjoixJI jA ' ■ llall j 4 alia all ^uiaJI 4ja_uijl j 4a & j| j».JI lIiIjjxjoi ^)JC 4 a ■ aJ j tAjj^JllI 
cUMiJ (jJiiHj Ai-all tllli ClljUJI <U.iLuJ AjjJjII 4-a jJalail t jja i a^Vl ; J-jSall ^oll ^ejJa 

CjljjJt^Jlj - ■ aa II ft ■ act Aaajji^JI Ajj-ajll sjjJI JJC (jja ■ aSVl J ( _ s j*JI ^1 ^cjJa (jc j 

~ i II ^>JC.j Ajl^aj^ _>JC ja^ll ' ■ llall ^tjJa 4 jjjS Lai < " , ^a\l 4 . y^Ai. Jj ^jja i a^Vl j 

AjJaa i a dlla.jjjj <jjLi^-S LllljLij Lj-l^l Jpj AjL aC. lIiL al jaj| IgjS a.VlT *i 4_jlao 



^j^jV^ — " 



^1 








j 






■g|i|i|i 



4 | A'kW 4ljJaxl\ 



i_Ja :l.u7 JiAJI 

jjaall j»JI ^a^JJj 4jI i ajj (j^i 3 ■ ajj (j£ ^-a t—llkll JAa-a jLuia _)Jt ^Jl lS^J^J 
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ct_a ja.VI ■Ajjjll u^*'"^ J LS L&j^ LS* 4-LajaiaJ AiyaA\ ojjjJI (j^i Jjl jll (jja mSVl J 

(jjJaJI J) JiMjII ^ a i all JJC ^.Jl (jjiVl (_>aUajl ^SAij •(j^jVI OfcpVl J) Ai-a J'"''; 

cjjjjj^)!! J (jj^ui^Vlj ^1 JjjJp -^j <L«j!aia]l Jl ^.ill (jlj (_paljijl ' (j-a/^l 

<^till ^ «' .-ill ^)JC. jaJI (jijjj cjji.S/1 liA (j^aUiil <jJa.J .^>jjjV| QjiVl J] Lifria ^Jl JSijj 
Ajj-ojJI SjjJI Jl J>J (>j t j^jVI (jlj>5JI J) ^nVi^l L >bLiij'VI dlia. j-yVl (jjJajll Jl 

i llm-jl ^Jl lilj^jaj dlLiiT (jl ^tja i a AjI i iacl j - ■ aa II 4 7 i ajl Jc. (jja . XNfl ,,-.11 
J Ajjla. ^IjJ t Jc. -icLjjj ^ ■ iajjll (Jjajdll IjlA (jl Jiiaj <j| V] iLaLaJ <La 

(jSJj t_a3jj (jlj (jjjaj (j' U^^J 4JalaJI (jl ' " ll lala 11 (jj£j ' ; UaJ Jc j ( 4 ■ aJj (jjjljjjill 
Alkali <Jj|i eld jaJI (j^ Jlj Aljaatl] pi **<^l J ■ a ^JljJ (ji jlxJ lift j 

.AjJSII ajj^JI aj£ jVIj 

jaj (_j jL^y i all J ^jJJ ^a.JJ ' * 1 M j»-^l (j^_>^ CS^ 1 " ^ °^ M (j- 0 J .<— Jill ^ 

jl 4^11 (3^Jj "LajlLa j .41a (_g.l)jj]l ' ■ ulaJI Jia. i ■ Jill jlj^jjill ■ ■ ulaJI ^j-a t3JJJ J* *jlj " 100 
(jl jia. jaJI iill£ii.l jja. JAijj 2j<K*-s,l AjalLi J& ■ aJ 2iUa ^ tAjlaja all 4_« jllall 

.Ajj^JI Ajc. jVl 

l ■ llall iaLoojl (_J jjla jjt 3 ■ ajj (JS jja ^ « ■ aJ (_jill "' ■ '— ~° ■ ll" ■ij J )ill l^J J 1 all - ll j 
^gk j>JI Lg-lfl ^ jj Jill Ajjlall S j^kJI JyAaj J (jjjjUl (jJ^A Jc ^LojcVI (j^-oJj ^ i al jaj| j 
(jAlj ilx-o jjjillalll !M£ lfcj3 Jp > aJ jll Ajlo^l sAaII Jt ial mi'lVI (J^JJ A 'j» a 4_IiaJ 

JaluijjVI j» jAjj .^jLaJI Jl La^-ia J j^. j^ll ^.ill IxBAjj Lx-a I i ajSll jll oXall Jc (j^aUiiVI 

ijjLijjaill s.li.jluil (JJ^j .jLjJo (j^aUii! J' aaj tJaLunjVI AjL^j Jj .o^lc- (j^aUiiVI oXa Jli-a 

c( stroke volume) AlaJI ja jls.1 j (_>iaUajl J g- jaxall joll .(jliilaill 

-7- a j J CjL ajjll J^C Mj' aj <jlc. J' aa j (_S^1I) J ^4^-^ J £ jSXall ^jJI j 

.AMA\ J CjI jjjI 5 JL*-« (_>aijil J=^i jll ^jjlall jaJI jLuiJj .(^J^l ^ jaJI jA (aSs^II 

ujfill Ajjjj tf iM J^dl 1.^7 JUiH 

(jl (j^ajjal .'iii.1 j Ar-Loi J t j.njll j (j^J^I < ' . llSlI ^L?. is'^ iJ-axJI i jm-sl :AjLuM 

jl iill£la.VI ASUall ^U^a J. V Ajl j tAldJllI J till JjJ 5 l5 jL^J (^JSII £ J^JI 

1 ■ llall (j^i 4 alia all ^ jla all j (JklAall ^jc. kj 1 all l.L_l7 Jj ^7 II j a ■ aJJ 1 ■ llflll Clljaja. 
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Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, ij* 3 n& j 

■ {Heat, and Mass Transport Processes, 1976. 

M->"l . 1 

j AcLoi Jla. jj-uVl J 0*jVl ■ ; llall LjU. Alijj j^ill (_U*JI I— hj&S (l) 

(J£ Mill) (jj^ui^Vlj oJJjJJ s-llc-V (jjjj^)!! (Jj^JJ Lalj AjAuiaJI Sjj^i^ll ajjjlll 

AjI ■ '-""-I j - ■ "7- II A ■ hj1 ^1 (JLuij^U jALa. J 
.l_JSll dlMj^a jJI Aic. AjCjVI Jajij^a :1.(-j7 Jj-^l 







1^1 


0 






15 






6 






97 







15 mmHg 





97 mmHg 



6 mmHg 



1 



. 4 

. : I > . 



AxjlVlall .(_lli»JI 
(jjllL 4flh^ Ajjjjll 
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04^ -2 
: CiUja ja (I) 

A^jJax (J-at (JijJ <_gill jA »^ j ' ■ • 
• tSjiVl J iiJl£ja^l L-UjuiJ AiUa JjSlio 

.jliLLail jjljc. 1.056 ^sll AiliS isj^i :aJL^\ oUIij(<_j) 

Idl-la. jj-o^l j CjIjjxIaII (els) 

.i_JSll t> t>jVl <-»M :RS • 
.i-iffll (> j^Vl t-dUS :LS • 
.i_a j^Vl JjjjII :vc • 

jj jll Jyjjll :pv • 

.min immHg <L J :<J«i*U • 
:LoiLJ (5 L/min) ^1 (jai Ji»* Jl «»"iml 1 \\<, <n iqAjJ^] (di) 



m = pV = 



1.056 g 
mL 



(— Y 

v min y 



60 min 



v 



hr 



1000 mL 
L 



= 316 800 



g_ 
hr 



jLua. .3 



,21.6 JSJ b-9-11.6 a-L.j-11 Jyj* UUU (!) 

:<lLiJI siA JaJ 5~3.4 ASUall Jili^jV AjLal&l ALU-all liA J-axi^ j 

i j 

AT? s >' s 
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ia. ^jxjjj 4j3 AjKII 2iLkll jjxjj V lilj taj?u.i« 2JU. ^ 1-jM • 

^ Uia. fO*jj 111 j 4A-«jJalall 4JLal£JI 51Uall JJXJJ V j .ALU-all ^ ^Ijjll 

till jjxj i ■ Ujlbj) -La jlalall JJXJJ 4j£jaJI 4iUall jl .<Ujl*-oJI 

1 ■ 4jjI*JI ^fl Uja. j»j*jj Ij] j c31ag-a jjxj jl Clljjl jfLaJ Ajl VI i(f .ill 
cUjjja. fJJUJ lilj ..4K*.^I jjilia Jj^.j >JC lu^ijjal j .(21.6 Jllall jlajl) 

-. Jl ASUall JaliaJ Al Ajut J Jiaj j 

W =0 



" flow T " nonflow 



= 0 



4 jj£3l JjjjJ Ji*-ajj jjjl a jl j jail ■ <aj| i_Jjj_ia Jj-ala. (jajla3l J^utJI (_£ • 
OIjjxjaII ojA jc. (_pajjxj]l 1 ij£ aj c<ilj£llj j^^c. jjll ^a-aJI jjj <idx]l Jl ojUxAjj 

I^JdJI J«j| ja. ^ 

w +w = (p -p ) + w =0 

" flow ~ " nonflow \* in 1 out^ rr nonflow v 

P 

l 

Jj-aj <_£jll 4 jj£31 JjSjJ (Jia-o j j»j]l 4i\j£ j el Lu aJl La ■ '— II Jjjl j3 Jl aaJmUj • 
(j-" (j -0 /^! ' ■ uLaJl <1jjj (_JjJ1 ((j3jla3l JJC.) 4-a ■ ia-ttll J-aC. i_]Luia. aJ tjjjiLuiVl 

jUj^l (P vc = 0 mmHg ) t_i ja.Vl jjjjII t> ? J 

:(P pa =15mmHg)^jj» 

— vh 

^RS = ^ nonflow = (^vc _ ^pa ) 



-316800^ 
hr 



1.056 



JL 
mL 



(0 mmHg -15 mmHg) 



W RS = 4500000 



mmHg ■ mL 



hr 



1.01325x10 N 
760 mmHg ■ m 2 



x 



lm 3 



v lxl0 b mL y 



(lhr) 
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W RS =600 N -111=600 J 
(_5 jj^I ^jj^ Cy ~ ■ _>^yVl ' . ijl a It t5 ic L^jaiij Aij^Jall (JjaLj j • 

J-JI J gLa <(P ao = 97 mmHg ) j^Vl jLj^l Jl (P pv = 6 mmHg ) 

.V ja. 3640 jLuy SAaJ j <c.Lu jj-yVl >.liU\l t^h J jifall 

<a_iiill .4 

Jijjj c<C.Loi3l ^ Jja. 600 ojl^La XaC. L_llSJI (j-o (jAjVI ■ ; ul a II Jijj :<_ll jail (I) 

.Atluill ^ Vja. 3640 sjl-lla Xa£ (>jVl uiUI 
i ^laJI aI'^Iu La-o IjJdS __>j£I !/LaC. I ■ llall qa _jjjuS|I i— ulaJI (JijJ (j! l-bJ * (jiLajll ■ 

L-ulaJI <Uijj jjjSII lUxJI jljLa (j) .21.6 Jllall ,^fl J-axil Clljj-lij qa J^aal 

i ■ llS ^C-'jj OJJ^HJ clW^ (3 L^i^aJI Aic ^Jl 1^1 CjLa.Lua.1 jj3 jjl 

AjlaJI Ja.b <iaJill ji cr i*j IjlA j cLJLoi LuljJfrS <aJj OJ^ AjJSII AijajJI IpLa. lilllajj 

LiiLaJI (j^a^jajj LiJjJ Ifa. ja Qjx&1\ I1a g ' «aJj I g laja a 4 ja ■* £a AjjlLallj <j1Loi 
A"\aA fjjjt&i] Jj*J t L-ll ia£j uiV I o^jC. s-Liil j i -ll aSlLuVI (Jl jj ^j-aj^J o^&Ua ,j (j^aUij^l 

dLiil t<Jjl i->1 , jajjjl (JLujlj AjLaC ^^-ajaii j .IgjJaLiLI (j^i i ■ llfljl Li>La, ^^a. j"i i aJ j <JU 

cAjjIUjIL, AjJall AiiJaxll UMa. I a ■ aJJ j dj^a II (jj-a£ i J Ua',,. > Sfl Sj jtj UMaJ i ■ 'I laflj ■ ul Jl jj 
' *« i ajj l_i3S1I ^ laSi oAa.1 j <ikia jl V] -LiJjJ j Lulalj ^^ij 1 g 1» aj 4 u^la. ^ j 

l ■ llajl j^"" <lal j^i (Ja.1 (j^i ^lilill ^jl .'Ju^^ JaLiillj 

_jaj ^j^* J '"'lj (j^j^aJI j (jjlljlVI /-3 a\. ^rjin'l i_lUailu:l (Jljj Aj-al^" ' ' ^ .'J 

A Val j t 'at \\ ^aaj aIj aULa A Isl J AjjI J^ )^^ 4 a ^ ajaLa 4 a i j | 3 I llflj l (Jljl > ^1 iflj l ^ ^ajij c^-iaj-sa 

J^joJI^ L r J ^J^ A-ljlall <JjJa«JI xiaa ^1) AaAsI) (j^aj^ajll CllljUil -Ajuaj «aaJLo 

2jujajio ^ j c(sinoatrial node) AjjjiVl <^yaJI s^i*JI lJSII L y^j ^Jiia ^^^jj .(3.sj7 

SjajS jj* ujlllj (>ajVl (jJ^Vl jl^a. i-ila. 
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La ^gi CjI jL-u-a 




JeVI »U2b Ji^Vl 

Silverthorn DH, ffumfln Physiology, 2 nd ed, Prentice Hall, 2001. 
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f -..nVn ^1 (Bundle of His) <*j=* J^- 5 2^ £.->^ 'V'-'K'^ ^pVl 
^j^j .(Purkinje) g-i^jjj '-M J) "SjW^ (As 'u-jVlj 3-a>J ^ ja ^ 

(J-at (J-a«j (jl j U^)^)^ JjJ jl 4^iV«ti ^ L iaatil L£)Li. laij i C(_paJ^aj till jLuij AiiijsVI 

V JjJaJI (jj^S (jV ^ i-lljk^al J) Sir. ^Jjj IjlA jl V] .(>=lu1I ^Jila 

• ULuAjiLa 

^liiij) Jjj^ jjjijj d)3-ui l-u7 Jlloll 

J ■> . ajLl jjajll ,J AjLaatil i_aU]Vl Jxxj V ^JU. jA ^ klajfl jUaai :4jluL9 

Cy^J* Aj*-^ s- 1 ^' ^Wj^ A^i-a JLujV (defibrillator) jliiiJI 

- ■ "7- II 4_a£ljxall 4 ja uJl lilt JJ^>aJ AjjUaJ (j^i A llS a ^j->- uij ij-axj 4jL iaaJI 



.(jlSiaJI Jjj-a jjjSJ :3- 1— 17 Jj-^l 



jUiaJl JjJ^i 5ijS-a (jajjj :2.<-j7 Jj-l^l 



4 uSjfllj 




j£) A ia All 




0 


0 


0 


0.0 


2857 


0.001 


0.0410 


0.5 


4443 


0.002 


0.0706 


1.0 


4990 


0.003 


0.0917 


1.5 


4779 


0.004 


0.1068 


2.0 


4080 


0.005 


0.1177 


2.5 


3142 


0.006 


0.1254 


3.0 


2147 


0.007 


0.1308 


3.5 


1231 


0.008 


0.1349 


4.0 


475 


0.009 


0.1375 


4.5 


-87 


0.010 


0.1398 


5.0 


-454 


0.011 


0.1413 


5.5 


-647 


0.012 


0.1423 


6.0 


-700 


0.013 


0.1432 


6.5 


-658 


0.014 


0.1436 


7.0 


-550 


0.015 


0.1440 


7.5 


-415 


0.016 


0.1443 


8.0 


-276 


0.017 


0.1445 


8.5 


-151 


0.018 


0.1446 


9.0 


-50 


0.019 


0.1447 


9.5 


24 


0.020 


0.1448 


10.0 
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(jja. j ?4A&a]l AjII (jajoij Ajjljill jl-lLa jA La si jl 3 j jfLj a 30 Aiii^aJI Axjoj (_g jl L.n^t— 

Ujjaj ^1 51Uall jl^ia La ( - ■ aa 11 V';;^-"' 

sIa (jc (j£-ajj £_a L^ij^jaj «.Lul 4i!i^ttll JJ*-^ 3.t_i7 Jj ^ SI (_£jj(c1j) 

I^^A "Laic 3 aj CllULiJI 

v(0 = aO" fe )sin(PO 

(jjl Lj J' ail ^ U.'t /; j p j a iJjLWui j^ll i—lmaj . (j-a3^ 4j«JjJI AjjIjsII jA V (jj ' " ua 
Ajjljill jljlLa La .AiLull 4£>l*JI j dlLlLull ,j-a LuLu Lua-ia .CjULull £_« 

:JaJI 

(j^i LaA JJt jl (J JU "^j J' 4-L^LjLa (JLaxiuiL) "ULaixJI ^ o^jl CjLiLiJI ja-uij ( _ s Ja*J (I) 

jSj ■ aJ ^aJ c<C^uij AjI Jull ^ 4 ja Call -1)1 JJJ .4-4-7 (J^joJI ^2 (j'l.'^l ^ja La]| ^t-al^JI 

; (J£jji]j ^a ^A 4 Slj£ all (jajuj <hlx-a j 

< ? =A(l-e- if ) 



0.16 1- 




g^Ljll jxill (jj ilil . & = 0.666 1/S J A = 0.145 C LaA La«J (jjiajS (Jj-aSl j 

IjA jjlaiaJI (Jj3^ ^ a (jajui ' L^aj g Ja i all 

4 =0.145 (1 -e - (0 ' 666 1/s)t ) C 
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,j al Lu all ■> la uill j 4t mil (jjj Aiilx]l (JLaaliuil 1 lj£ aj cSj uLa31 4il&a]l j3 L-lLuiaJ ^l. 

10 jjljS 0.145 ^ aa&J 'a^A csUaxJ! c±iUJ1 ^ .7-7.5 <bl*JI 

4 SjS all Ajdl j3 (_£ jLoij 111 il jl 3 j jfLj a 30 (_£ jLuij 4 SjS all Ajtjoij '(jljJ 

0.145 C 



v =*=- 



= 4830 V 



c 30x10"° F 

jl^Lo L-lLuiaJj .jU'i^llj - . aa II A la ■* (J£joi ^^ic. 4jj_^i-a]l AiUall ^ia^. 

4j^jaJ "ILla-all JLaaiuil li&aj CjjUiiJI Jjj^ 1 £JJ^ (j^ * ' "? ^ cs^ <fcjLall AiUall 
^Jc j iA ajlalall ^ 4iUa ^ £J^P- ^ I'u^-ijial lij . 15 — 3.4 <5Ua]l Jaliajtf 
I^Lj La Jl <]^lx-all (JjpaJ 4<La jJalall J (Jcli (J-at jl ^jja ■ aJ 

^r,i *-T,f *-T,o 



-Cv r 
2 c 



1 



(30x10" F) (4830 V) 2 = 350 J = E* ys f -E 



T ,0 



.(5.lj7 JSaIII) oULull 2L>iai3 sbl AiLuJI ^ sLkxJI 4hl*JI JLmjJ Lulaj(cj) 

<Ujl«_a]l j OljLull (jjj (jjal jj [J ■ '— 31 (jl (jJJJJ A £ jl uS La jl L-LitjLa Jla ^j-aLl^J (JLaxlmL) 

aH*JI jj£ lil .a = 11000V, p = 320 1/s, h =200 1/s ^1 *c 

: CjULuII £-a (jil jjj ^jjll (jlaiaj Jj j-a Ail] ji] 4lal£ll 

v(0 = (H000 V) 

0.003 a ^ m J til^a 4990 <£l 4-aja J-^' j^jJI CiL-Lull laajj 

0.003 



^ 1 > 

-(200-)/ 








n 




e 


sin 




320 




t 


V J 






V 




) 
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6000 




0.025 



(^) ,>3ll 



:ljiua (_5jLoij Aiil jill <U.ll«_a (jjijia (J*-?J LiaIaC.1 IaAjC jill (jj^J ■> laaJll 



Jv(0 



= (11000 V) 



200- 



-(200 -)f 



sin 



320- 



+ (11000 V)e 
(11000 V) 



-(200 -) t 













VV 




s 


f 


f 


O 








o 






320 


cos 


(( 


320 


t 


V 


V 












J 



t 

J J 
\ 

= 0 





f 0 

200- 


-(200 -) t ' 

e 


sin 




r o 

320- 


\ 


V 




J 











= (11000 V)e 



-(200 -) t 



f 


320- 






f 


r 








COS 




320 






V 


V V 






V 






) 



t = 0.00288 s 



.Ajjlii 0.003 ^iViall (> jaiall A^jall 

(jj^. j .^lll (3^Jj ^^ic. Sal to 11 AjjLjj^II AlJajjijl j Ajjjla i_llk]l _)JC taa ■ all CjLi.jJj Jxxj 
JuoU . (<klIaA]l Ja j» ■ all V) ojlc. 4-uiL£all la j« ■ all (J «»"u n* cAjj-oJI ojj^ll Ja j» i all ^Luiislia 

80 

elaj (J}1»J ts^^ ^Loj-ail ^Icla. (jjiajll (Ja.1.} laa i all ^Ijjj t(j^aLjijVI S-^J lW^J •JjfO j""'A"' 
^- ; ■ aj ^^Ja. iLpjYL) ^^Vl (jjiajll (Ja.1.1 la» ■ all j ai > n j j . (jjiipVl ^aAll oJjC- IjAj ' " ua j 

Lj^j-a (tjj^j j'^jb 1 " 120 ^jLoij ^ » >il jjjl 3— itt , >i) (jU^jjill ^ » <ill ^jicl 

^>jjijV| (jJ^ajll laj ■ j'-i-^ ij I ajja laLoiiiVI l-^J •j»-^l (J^-^ CS^jj '^W - /^ U^_)^' ^ ai^i 
J^jVl (j^^>^ <^ ^* ' ^ jaiinjj . ^jjLiJjaill ~l a i all (_3l*J3 t ^Lj^juJI Lui • all (jjj La Jl 
Jjjjj jlajila 0 J^^l UJ^".'^ ' a VJ^JJ J'"^^ 80 ^J^JjjJI (j^aliijVLl 

laa ■ all (jjJ La ^\ Cij ■ a ^j'— jj 1 alja j .jjjjjjbU ^JlJjjll ^1 *Lul 
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(jlipVI (J ^.'Vn j .Aft. j_u (jJ— _ r?-— ^ ^L__— I £JSJ i^^jjiVl 

.Ajil_l ojj_iI j^)__j ' I ag-jfl J _ja._o~!l 

AjCjVI < « ' aJJj - i St A a i oil ^j«7» Jj ^—il (J— jj V L_ljl__ Ajjx._I ajj_il A_a jialo j3 jj 
(j_i j, ^.4.11 Aa.j Jft A— £}La o jj-a-o tj^ 3 ' J^H Ajj^_il OJj—il A— _j__« l^-la (jj_JJ Jill Aj_j-o_il 
I— I jj'» uill j _jljjjj_!l j tjjjjljjil! j cj^jVI (_jl_)^jjudi1 A_yj^)ll ^.lll AjC. jl j Ifr—a (J_ 

oi& j'-"' (j — jI ■ aa 4.t_l7 J J ^ H (j " ' *•**',' J .<— ij^VI AU-J^J S-^JjVI J _jl.lJJjll j Aj_oyo_il 



(<Lul_l ^ji j'mj'n. n) j»— 1 Aft j— 


( j" "j" ' ' ") jJai^l 


olftjfl 


63 


3.2-2.0 




27 


2.0-1.6 


JjUll j^VI jljj-II 


50-20 


0.6-0.2 


L_jl_JJj__l 


0.1-0.05 


0.001-0.0005 




20-15 


1.0-0.5 




16-11 


2.0 





. q i ay \\ J (jLjj—i ^>j_i jA j c^)gjVI (jLj^^l Jl (J^JJ '^^V (jji-ijll (j^i ^a— il ^JJ^ (j^-J 
^j^Lo, (Jlc ^ Saj a j — j i a (J— — J ^J — J ■ — A_C.lj 3 S.La i AjL '— C 4<*<U (jL)^}—JI J -^JJ 

AjjS AjjIcj (jlj_i. cllli (jjjl^)_i __}£jVI (jLj^>— Jl ' ■ 1—11 (j^i ^_J J— _l j_all ^- 1 —11 

Aj1i aa (jlj-la. _j|j ji__l (jjjl^)_i Jj jLij—ill ^^jj—l (j^i Ajj-o J - a-jj .Aft -^j—j ^—il (J—G 
— j| jja uill Jl ^.lll (jjS.— Jjj*"^ (Jlj-ol o_«J A»'..t jj jl LoLoj jj» ■ all (jLj^>— Jl _>l~j (jl (j^-oJ ^Jj^ 
Aj_jycU]l _jl jjaj_!I Jl ja^ll (_Ajj_>_JI) 'ijjij-all (jjjl_)_JI JJ-oJ j A-a l— VI Aa.l_ Jl 4jLa— — I 
_Aj_«_all j (JjLoJI aJ^Iaxi (Jj^joiil Ajj^aII AjC-jVI AiUaJ AAL A£L<uai l^jlj^a. CjI£Lajji (_JjLuij J]l 
dll jja uJl (j-a ^Jl J'*'JJ .AjikUl A^jajVI (JjI j ja^ll (JJJ dl jlxllj tllLj j^ij^JI j Cllliil^)^!! j 
1.1a. (j^aiklo AjJjjjII A-ajlilaJI J iaa i iall (jl Jl l^)iiij .oJjjVI Jl I g '» j tllljjjjll Jl 

Jc. (_g jlaj oJjjVI (jji iiillj j -l^?- S^jjVI (jlji?. '((jj^j j*" 1 ,;!," 0 ') 

AjLaiuiVI (j^i (j^-oJ I^A J c^Aj^aJI L_aU]VI (jJJj^w) (j/unVyi (jjj jji (j^i Ufuij j;;^ L)J^*° 
1 ajja 4(JIj-«JI (JjfLU Jc. .Ajj-aJI sjjJI J ^^11 (jl jj2 ' " 'I J jaij a (jjSaj] AjxLi jlill jl A^jJal ««'VI 
.(jSJdJI ^1 tjx JjljJI ^aJI i_iUj~u.iV SJjjVI JA_u cA__Lij]l f.l_l ^jJ-l £J-JI jbjj 

(ji_JI Jl J_u -JJ- t ■ -ill Jl ^ i_i ja.Vl •iJJjll Jj Ajlfr-I J (Oil oJljjVl jj-aJ j 
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J-a^j ^1 £ jjill Ajiiil AjSjII oLaJjL ^l&Vt jaj JfrjVl jLjjiidl JJ-aJ tAjoij L_lla]| (»_pUI 
(JAlVl ^LuJI (jlj^JijJI (jLlojluJ 1 J^jVI (jU^^I (j-o (jl-C-jS cJ^=Sj •tly t 'j^ J O^J^ CS^i f^' 
(jjjlj_)jaJI (j^l ^Jl (jlfcljill (J' J 4^La.JI J (jjjjxll ^1 j»jll 4^jjLlVl ^Ifulll (jLj^iillj 

<LajIila]l ^.Jl l^a.^a (JiuiYI _9^j ^ ■ iaJl __}£jVI (jL^uJI . (jJJ J^jjll ■ " LaJ (jJ-^JI 

L-iLa-aJl ,j 4_aj3 _>jc ^Jl (Jiijjj <jj 1 1 all AjjL^ji]! 
f\ , ja&Vlj aaj j s-lx-oVl J jjIiKll j six-all j lj£3l Jl aJI JSjJ jK'^ ^ji AjjLjJu 

.jjaLoJI Jl ^1 (jUiaj^JI jLjUjj^JI Jajjj .^ji-VI 

Jijjj i*iM . '-.ati j ClI jLJIj iIiLuxaII JSj t^jaiaJI ^ !iLal£j jj^Vl ^jjaII jAj 4^11 Jg l uj 
^jjlj L^la iiij j mlVl Jl tj.;7> in^Vl 4^JI (j-o <La]l ^ 45 (J"J j^l 4«ljAaJI Oljj£]l 

(JjliLoljjall J^J3 Laj!lJLl 4JLala]l a^ll (j-a AjLlaJI Alall ,J 55 II Lai . jjJjSlI Ijni^l 

vl)..'^ J '.'J...°^ ' "'^ '/' JJ.'J J 92) «La]l (j-a Laj!ili]l (j j .Ajj^all ^!}LaVI J 

jj£ljj Lai Ac jjla i " ■ Hj CllLj jjl j CjLj j^ijA j CjIjJjAjjjS 4iL_ial 4^Aj-a]l ^ 6) 

yl^allj LJlc- (jjilila 4AjjIjj^£]I - . "7- II S U,';;! ^^ic. iiliaJl ^jjjj' «^il ^1 ^L jjI 
.jjjVl l^iaaj ^1 oliaJJI ajjj^ jjjVl <J>a ^ jL-j ^jJI (equivalent) (eq) 
-JMtfo* 108-100) jjKIIj (jiJll ^kJj, 145-135) II ^ j>j 

.(jSjlll ^ y 11 ^ 5-3.5) fJ ^MIj .(jSjlll yl^J^ 5.5-4.3) ^j^lillj .(j^lll 

jfjVl ^ i^ilft >- 3.4-j7 

^j-ajjj La Ll j£-a (JiuiVI jaj ^jVI (jL_>jaJI (jjijiij 40^)joilxa l ■ iffll ^j-a jlfnj'VI :^JLuW 
(jSJjll CjV^*-aj ._>^jS/I (Jji j3 (j-a (jjjl_)jaJI ^Jaa a .^6.'- r l7 (J^^ill) ^)^-jVI (ja j3 Laj^iC. 

Ajj-aJI AjC j^I ^Ji'T* ^ I ^"'1 J,'k*' (j^i ^>j£l ^)^jVI (J* j3 j ^jVI (jL^juill Ja j» ■ iall j Aj3j£]| 
^J-aa. 4 aJalLa Ac^)jai]l ' " 'I JjA (jlj SJLa. ^3 S-ajliLa]l (jl (j^aljjsLj - 1 "-^ j| ^ 

,j-a jij^i (JS ^ (jj-aj!iLa]l AcjjaJlj i-rr . ^\ l I — Luia. 1 4(jajLil3 A-ajlLa kJi qjiA Ajlj tJaliill 

.15.^7 Jj^l JLa£lu:V 
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2.5 


97 35 


A 




97 


B 


0.75 


40 


C 


2.1 




D 



if 

I 



:JaJ 



^•a?J • 1 

: CjUjJa j3 (I) 

.A-d jlVi all ^j-a .l^^oJ V 

\Yli ajj (jjtil La» i all (jl CijIj ^31 j-a]l JS ^ la» i al] 

,2_<i jJilal] J jAi« (JxC ia-JJ V 
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i " il j| j U , J i AjlCj^\ jjAi Laj jfLaJ • 

.1.056 g/cm 3 cjjl-u ^IjJI ^1 4il!S :<iaU^] oUIjj(<_!) 
•g immHg cs icm (_U*U :ol.is. jll j jj*J\ j oljjilall (o) 

(jjajJ Jix-a 1 _ ll i 1 jj£ aj tel la» all Atjjoillj 4iUS£3l j jUall ^jj Jl «t'imlj : (jjiLuiVl (dl) 



m A -Av p = — D 2 v p = — (2.5 cm) 



35 



cm 



1.056- 



cm 



181 



g 



s 

jLuia. .3 



jhiJi ^ yssil M Lo^l 10-3.3 ysSS liti^l <bU-a JL.2J liiS-j (!) 

//m sys 

(JjUI jljaia (J_jla ^5^" u/'^"''' cs^ ^lijjVlj la* ■ iail j Ae^uill (jjj .^Jl (jiLaJj 
: 1 1 _ 1 1 .6 J JJJJ AjjLu-a 2_kjJ jSLuLttll (331111 AlU. 



(g h i - ghj ) + 



1 N 

2 1 2 

' ~1> 



+ -( P <- p i) = ° 

p 



: (_lL aa II (l_j) 

AJU. ^4 4-a jiaiall jV ^1 Jill Ja. L_aiaj aJjSUI jaliajl 4Hjl* V J K'n/i • 

i ; 

jlaSB J J& I jlijj .D cC 'B cA <J}UiJ 41SII Aijlj^ Cj^jU-a ^i&j ^ 
:D <C jjoJI L_sLaia. (j£«J cD (ji jlaill AiL^a) ijnli» a C J A <C^>jJI j 

£m,. -£m. =m A -m c -m D 



= 181^- — (0.75 cm) 2 
s 4 

-^(2.1cm) 2 (v D ) 



40 



cm 



1.056 



cm 3 j 



1.056 



= 0 



cm 3 ; 



v D =44.3 



cm 

s 



SJjlx^i kjj aJ t4 Lal£ll AiUall ^ jjij Jja. j j»JC. IjjJal jjil Jl I jlaj j • 

:B Ac^uJI L-lLmaJ I ^ JJJ j* ojltl j jj_)J 
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'1 2 1 2 



+ -(^a-^b) = 0 

P 



2 p 2 p 
B ^ <c jl gib (P A = P B = 97 mmHg ) sLk*JI kLJai l ^ o^jjxjj 

4_iaLiJ-a]l ^ _jj^)J "U-ilx^i (jjjfiaJ U&aJ 'C J B (jjjJakjl] A^jUll (JLutiuAjj • 

:C ■ ia31 L-lLuiaj mij 



2 p 2 p 



✓ A 2 97 mmHg 
' 35 cm x 



^1.01325 dynes A 
760 mmHg 



-+- 



f g A 
cm 2 s 

dynes 

J 



1.056 g 

cm 3 



f 40 cm V 



- + 



1.056 g 
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.L-15.^7 J jAaJI J A^j^o (I) 

jjjfui Jc. .<C^uill J SjJjS Cjl^Ljj £-a 1.1a. jjt . <-< la* i ^- ia_jJA <LaJ ' (j£a»jll ■ 
c<Lulj]| J '"^j"'"/'' 1 " 5 jl-^S-aJ <C.Jjoi]I Jlljljj C J] B (j-a ^\ JlSijl (jra. cJlfLall 
4_Ia ja-La iaat i la Cjlia _jjA (jl VI .iaSS JjJjj jT' aj3j a 0.1 ™» ' ~**^ (j^aliajl j£] 

■ . jLj^iill ^^jiiill jLpjl £-a Jg laJ L_S jjj 

oLjV jll J JjVI c^l 

(jaliajl ^ jjji 4jjlaJI <a.l jllj olijll (JjLji jj * liill JaLajl jjxj (_JJll Jal .Aj^jjLaVI e laJLall 
J j kk II j 2 jj Vail CjUUI j 4jj-aJI AjC jVI i^joijl J oijj (j*i Aialj La j Ajj^ill 4^-i.ViVI 
(jjjL^a-a ((j-alkjail 4j«Jjl (J£ (j« .lalj j^i-i ui (_£l) ^^SjJ-al jjjla 70.1 jl£ '2002 
cLSjaJ j j klaj j ^oll iaijJa ^lijjl Jl ^J^J jl jLaJ JaVI J Jla.1 j AjJa A-JCjl (j^a^aJ 

CjVV-1 4j.ll la._aJ V _>a*il iajai jla (>aJ>a 5000 (j* J&l j^iaAJI Ja^i '1948 flc J j 
l ■ llal] -1 j » jj «l ji 4_uilj.S jLLI J j/'"'"' (JS -g ■ '-^ a 1 '° \ i lillj j tAjjlS j-al Jc 

2jjjill ^U>iiLal ja 4jJ jjJ ^L-ai-V ^liLi JkL j t (Framingham Heart Study) 
jjjLj V jtjjJI tjtLuil jJ qUa Cu£-aj .1971 (.le J (Framingham Offspring Study) 

Jaa. Jalc. I jJAa. 13 j . t-llall (_pal^aL (J>aJJ j'lSj V LllUjli^aJ £_iJa j j« 

V] '<C._»iLa (—llkll (_pa^a (_pal^)C.I (jl .^ij^a]l jaJI laj ■ j AjlUtll Jjjiuy] j^]| 4 jm'l LaA jj i nnj 
jAk-aJI J ^1 Jl (^5^JJ o^j^joi-a (jjjl^ii jt - a jj JJC. ^aJlll UlSJj Ullc. j a ■ iaJJ Ljjl 

4 U.niSfl Jj Jll i^jj^ll jjc. (j^aljc.^/1 jaj . J^JI jlg-i^l ^xj lall j Aj5j1I j (jjcljillj 
^* ialai II Jc o^lc. (Jjj j 1* all ^Jl (jl (jJa^ J j .(jjaillj s-LatVI j JjJI j '(jjiijll (jjj ia AjilJI 
VI j^ajj '<IaiiJI CLl j^a. «.ljjl ^a>.jVI J& jj'*^ J jl J-^ (j 4 -^ 3 !)*-^ P^uull jU C(JLi.jll (_jj 

■> J '"I ■ all A lala 11 j ( _ s -ajjJ sjAlla c jAj-all ^ILj jjxjij 

LjjJaatJ * jj jS-aJj iLaLaJ A3jj*-a ' ■ Jail (j^al^al 1—lUi al l lla li a) > ^jj^aLiJI (j-ajll (J Lai 

^| (_jalaJl (j"JI (J jiJiill V$laj (J-al j«JI (j '— » J 1 ■ llaJj (j£-a^ll jjc. (j« <jl VI .^J 1 

Jc. iali^JLj Ajjijjj ojjlai. (_Lil jC s^C. J ji^jll j^all (j« 4jl jjc. . Jljjll (_Lilxll j ( Jjl 
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SjjSLall A . ;-iIjj]|j ( _ s ^j_all elAxll A lala II ejA Jl (JjjaJI (J' ia3l j ■ a sLja. -la-aj 

■ jjaJiill (jc ^Ijia'VI j 

oAjAa. 4jlSj 1 i iaj AjjJall AjjiaJI A i a ii^ St j ' ■ Jail (Jia. c43j«_a]l si* 

tilli j t4.a.a.lj ^ jiLa ' ■ Ja Ajlac. J jl ClyjaJ c 1 952 j»lc Ja cUa 11 oAja. j *Aj j-all 

jl| SjjJaaJ ^ jjLall jAi all Cjla.1 ja. s-lja.) (>a jll 4jJJjll 4jj1S]I 4jYI pJjJaJ Axj 

jLul£-La jlg-aJ pjj (Jjl ' ^ *" dll jlajyi (j^i .JAC ^ AjAia j .oAjAC CjIcLui V'l <n 

< 

Jjlj t(1967) ja.1 (_>aaJa ^ Jll <J*l£ £jj Jjlj c(1965) (>aJJ^I 4^1 .jc-luy 

jaxJI A^aJ jA ^1" jj J ■ ; ilill i .iSa JLa. Jl jLoj .(1982) LiK ^^cl i.^i ■ . ilSl £jj 

■ ■ llSIl ^ l^-ij^i <*<1-%,1j*-s,l ^ *1 ilaJI 

(_! jlaS, t4 LaAjfrll j ' ■ liall J^a] <£LaVl JJ^I ' ; llSlI oAC-LoLa £ J£ 7^ - J « ' J,'"'*JJ 

- ■ "7- II '"'^/'^ ^'"^ tj'^J ^ J (3*aJ u.'^ JJ' £y* LkA^ (3 Ja^all 

Aajj djja p_jjll ClLLaC. Jl ^jjJaj-all Jjaj J^ ^ (j?* J^ S- 1 ^ JJ J - a ^ I— iVla. Jj 
AaJla *>11 (j^ajj^ll cA , U-^l (j^aj jl 4^ jiLa Jc JJ*J I AjJ ' ■ llaJI (J-aC oA« AJUaV OUIja.1 

c^^j^JI j jaj Jc. acL^ jl$a. ^jjj I^jSj ^destination therapy) V" 1 ^ 

(jjJajll Ac. I ul» Aj»j1 uJI till jj^ajll oA4 (j-aj ■ ; ^ 8J la _jj ^ jSJ I ■ ■ p jj <-<Luii. (J aaJJ V 

jjJa^l J-ac. l$lac J sli ts* J '(left ventricular assist device LVAD) j^jVl 

V 4j| JJC. 4(1.^7 (Jlall J^ajl) ^?-jVl Jc V j Jj^jj ^iil i_ilall (j* ejaJ jA j 'J^jVl 
Aixujl ■ ■ llSH < SaIc Jj-a jj djja - ■ aa II J AcLhaII pJJJ . J^Vl L_JS3I 2Jljl Jl ^tiaj 
A — ;l ■ a 4ijc jl jliJlj iJ-axJ AauJa^ (Jl ^t'uhIjj .AjII JJ^yVl (JJ^VI (j-o ^^11 JJ-aJ 4-1 jjjl 
l_1jluL^j a j;^ [J 1 ajj j AjAuia II 4j joill sjjjjl Jl AcLuioll j-o ^All , >i; tLiuijJaja a 

.AjjLjj^£ ^jAij eAa. jj j-a-jla. 

Laiij UgJLa.niuiV p_ jill lift t> (jijjj^j Thoratec (Pleasanton, CA) a£ ci^iii 



^jLajll jaJ-uVlj (jti jjg ajll (jtjlA Ajxda II AaJlai all J jl C(_)IaJj-all ^ 1 aa J ' ■ lli pJJJ 

LaAlAa.1 tjjjyVl jjK'^ oAC-La-al (jliilii-a jlla jJala LaA j '(■ -jlall Ac-Loba ^1) HeartMate® 
.LuL La^lLaalu:! Aj^jj-aVl pljAll j el Axil SjIaI Cj'jai A3 j tAjjljj^£ Aajljll j Ajjlc. AjkjJa-a Cjli 
t Vl .^ij) sUa jll AjAu ^la jj' -*» (j« IjJJ^ IjlmaJJ (jl ^^jJaj^il] (j^-aj < ■ ■ dall AC-Luui (Jl aatAjjlj 
(JjUx-a ( _ s Ja JJJ-a3 Jl (<-alj]l <a.l jJI <ULa> J Ja. (Jj-aaJ (jl (j^-aJ (jial jclj (_JcU-a <jl Jc 
^A (jjjJaC. Jj .(^ jA Ajxj-a (Jjj3 (j<a jll AjjUJI ikjiiVl (>a (jlal jcVl jalAxjlj 
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ajSj^YI ^liill s jbl Cijal j c 1986 (Texas Heart Institute) ^Lo&j 

. 1 994 ^ijjjau j 4JLaluil 

i_ilalU J^ajj (pig valve) jj jj^ ^ <^»j ^ _»ala Dacron jl jla gy*^ u-" 1 

s ^ ' i i 

■IcLoia .(JjUalaJI (jjS » (j-a al£j3 jajll dll^ajaJ Aja-luijll ^ jU, Jl Lai . a )f I 

AlaJI ~ ,j a£a»JJj ijjjia <JA^ (Jj».-ij*a JJJ^ a£a»J jLj-a 4 U, ,,l Aj ^> , jj i . iVall 

j SuJajj 140 lsjI^j ls*^ u^f* J-^x-ajj djnU^ 83 ^ jIaaj (^ill (stroke volume) 
.41i5ji]| ^a IjjjJ 12 (jja. Jj-oj aoil Jjalj cj^^a jjs jj ^jic. Ijjla 4i*aj L» cAIAaII 

^a.jla. - < v^"' jlg-a Aialjjj tljjLj^£ ' . iliJI ^c.Loi« (j^i jjjljli ^ lS-^S nJALall .^unmall 

^g&uiLubttll ^ jla. s-liJIj j^ajll (j-a (j^aJj-all (j^-aJ La liAj t<l j"— a CjljjUaJ oJla.j £-a ^);» i a 
(JitAJ t4_kjJa^J l u$ AiaJI ^a a j -IcLuiaII I1a ' '*' J . dllcLui 8 ^"'^ J ■ aJ 0.1a 

jal .(aIAiH CiljjJ 10) Jal (^Ja j^jj (AiaJI ^ A.^in 120 ^jja. ) Ja! ^^hr-l (_>ajj 

.^Lil 505 4j1e- (jilt (j^ajj-a ^jota. ^ 1991 ^ji ejx Jjl ^Lj^SlI L_llSll ^cLui^i ^JJ 

Ajllxll Uji , ^ill (j^ajlsjj CjljjiJI S-J-J jl^-^JI aJ a ■ (jjjojAi^all j ^jj^l^aJI jlclj 

(j^aj lil .(_5j^x]Ij AjL-aVl (^pajiaoj ^jjll dlLijij Qlmauj tAijJa-aJI dlLaLaj-a ^jc <-a^lill 
LxuiLa Alx^. La 11a j 'IjJJ^ /a L^i^all eLva. jjjjLoaJ XVE J^Aa ' ; ijall JcLuia (j<a ll la j| ijjail 

. AlAi. ' ■ lli ^ jj (Ji-aao Lajjj "ULaxiuil Jl Ail i^il AAaJaJI AaJlj a!3 
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.41 SjjS-o ijjx^a jj-a pu17.ll Jarvik 2000 ^Ijj^ i^**,. 1 '^^ : V-<— j7 <J£*iJI 
jAj .1988 f lfi ^ j> (7.^7 JiiB) Jarvic 2000 J > t> >i ^ 

oi&j tLijLj^^S (_£jj^-a (jS^U Cllli CltLaLaj all <LaJ.lC. 4auJa.a Clllj 4u '^-.y <jc. 

Qja 1 a^Vl « ( _ s j»l' p ^ll l_jra"i»n« ISijJ (j-ajJ t5"*j t jl^aJI ^2 iil^pJLall * *~ ' '"* 

AAjJa^aJI ^C^ui ,J <jal^a o-l^j £-a _j> aaJI ( _ s ic iaJJJ <Jc -*s Wij .Ajoiij ^uijVI (j^aJj-oll 

12000 (^ja. 8000 t> 1$j3 ^i^ill jlxy Cilc^ aajS^II oljlJ 5 ^ jL^j 

(j<a 4*3 j3 ^ I— ll«-a (jiuJaii-o j t<a ■ aajl (j^i jljJI £3.}]l .'Jfi^ "tSLlall jj3 jj] 

JjAui !ilL^a Jj'a, ^ jjjljjjll ^ jjjjLoj ^^Jc. ^^lill ^ jU,„ll £La^. '"'/yj . p jjjtiiill 

(j^axj J _ja. j (J (j^aJ^aJI AjJiil Ajjj^ij CjIjLSI <j5l^aJI e^a. j j 2 ■ aij j .<La jajll 

2000 p l& <j AjSjj^VI f-l j^lj pliill ejbj djjal ^ill t jlfrsj liA ^jlaiaijj .djU jU.kiVI 
.j»JJ 200 ( _5^ -^JP °-^- <1 .'^ J_jJ-aall ^^j-aj-a ^cLuij (jl 1 jj^aJ^al] (_lla ^jjj ^-"JJJ ^JLaaiuil 

(Christiaan Barnard) j jU jIj u^^yj^ - J lSj?-' '1967 p l& ^ .i_JSli j>^a 

.<C.LaJ Cj 4jL ^ jnrfill Cjjxi t_i^jC. Lajja. ^EJjUll UuLna lillij (jlSj < ' ■ llSIl ^- j jl <AaC. Jjl 

p j& . jlkiiVI (jic. i_Ja ^jjl <jjL» 4000 p lc ^ ^^Sjj 
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J a laJiall tliLjV j]l J L_! j]iS (Jc. jjl* aaj laSi (jiaj^ 2200) jjfc jn<ill (j« J^t Jlja. j 

UulIj j Jjj-«JI ■ ; lIS13 (j^ajj-all (_J.ll 4£.liall jl$a. _>a3j^ Jl /USfl JJ SjLja) t (A L nil 

. <La_5-ajJ jj£I (_£ja.l CjljLii. (jc. ' " la jll '< ^1x3.1 j (jajLoill ' S& j^ll J pi llaVI 

lL yL£h l-M ji^o (> c(Denton A. Cooly) JjS jjjjJ ^jj '1969 __Jj 
jj ^(jjLi&ij jjIlu jja __J) l_lLJ] jjIjIj ajK (j^ c (Domingo Liotta) LjjJ jijj-ojj .ij 

(jilc j .Ajjj^II A-ulail AJVI (JLaxjjoiL ^Ljjla oW*^ (j-^ U-^J- 0 f""?* <J * <^ £ -^ J - a ' . 

.IxJ La ___i (__w3J j )a1I LlsLo j .«> ^>iLa <_lla (__-!& J - jl Jl Ai-Ujj 64 ___*"-! all ' ; llitll J (_^ajj-all 
I "lUa'i^l ,___ ocvl jaj (jl 4 mn-t J £[.JJ (_?^ (_jcLii-all ' ■ llitll __>saaJ jjj .13 j 4<jJI Cjli (__t<a^aJ 
^jjll AjlaC (jl £-aj .4-aC.Lill I ^jjl iaJ ^ jjajoi (jxi __$l Jc- tllljji. jj£jj 4_ilj ' I ftjl °- at\jAj 
Sjj-oJl ojjl - ***''. AjlxluiVI ___ '^^all (j^-oJ -4_jl 2 ;j-^l oi& '"''3; 'JJJ^ (J-^ jL\xi Cl±jl£ lillj 

(^jLJJJa L_lia Jc. jjli fl^j Lajjj 

CardioWest — . LJU. t-i jj*-^l) jL&jVI j Jarvik-7 Jia aI^v ^La2 Ojgi j 
.<5jLJI Ajcliuall i_ijlSJI _> J^i (jAj t((SynCardia Systems, Inc., Tucson, AZ) 
jl .aJc La jj 1 12 (jilt (>3Jj-<i J Jarvik-7 jjaJ jaJ ^jj d982 ^Ic- Jj 

4ja.jliJI .^Ml 5.1a. j — jl A a _«J jj^kl ( _ s j-i3 j )^i] ___jj jljiall IjlA 

ejbl *ij La lid j '(^jJaj-all Uj3 jj jl j£aj (Jill Aa.Ij1I ISla AJaAUll AjjLu^a ' j c JJjill 

4£ jJJI (> AbioCor™ ^li-all i_Jall <La^ J^J a^LuI t-iUJ Jl *lj^lj P liiJI 

.(8.^7 J^Jt) ABIOMED (Danvers, MA) 

jj ^ jjll JjIS ,^tLu-a L_ila ,> jl^?. Jjl ja AbioCor™ ^Li-a]! t_ilall jl 

(_£ jLuiJj .Aj^JjfoVI s-lj^ll j s-l^xll ojljj ^jtUti J L_ljLaj JJ ^- aij <±i '— jj A^jJa-a 

Aj3 - laJLoilj j^lj1_jj1Ij ^jjjljjdll (j« j'i. '(Jij 1 (^cll^all ' ■ Jail liA jjj 

L_lla3l jai^i (JjI _ojJI jjl jjll (jjSaul AiliJI J ojjj 8000-4000 <t>«J JjJJ 

(ja <JI .'j;^ <aUaJI lla II JJC. AiUall (JSj 'La jJala (Jijj j - ■ aa II jic ^\ ^r.^ij ^^C-Lu^all 

AjjUajll (j^-ajj .i—lL^jl'VI Jalawa lis. alSj La IjlA j < jlaJI ■ ■ '«* jjj Aja.jLi. CllLijUaJ S^a. j 

<jla.l 1 AjjaLua.1 Ajjliaj (ja-»i Jc (J-aaj j tdlcLui 4 1 J] aJ ela (J-ajtJ jl Aja.jLiJI 

.4J j' Aja.jLiJI AjjUaJI jjS Laiia. AiiJ 20 ^"'^ (Jj-oj ela (J-aaj jl j)^aj jl j 1 aLl 

i i 
"LiijjafHJ J"? " 2 U , ,.l 4jj -<^-,\l ^^ajj ^Jl ' ■ ^ JJJ 
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^li^JI lJSII :8.^7 J^l 
<> AbioCor™ 
•ABIOMED (Danvers, MA) 



pIjjIIj pliil! Sjbl Lpjal AbioCor™ -1 ^1 <J-*1I i2001 f le J>j 

S^tj^jA fuji^ J s jj (Louisville, KY) Jji-ujl J jj^ j?> ^jj ^-o^ 

4jiuj <La * j^. CS^" t ^-"J^2 Cjljli. jl J3j '^jj dlULaC (J""*- (J jl ^JjSj lS^)^ '2002 

'2003 Jjla jj ' ■ ux j| 11a j« j^U J ,U <-.! -Jl Jjc. j j»Lmua J j aiaJ j 

. jjja.1 6 pluJ J t JJ ^ AbioCor™ jl£ 

^a-j AbioCor™ *■ ■ . JSJ a '2— «. <_sj.i?JI AjJjj gjtij 'jj»J t*13i ts^j 

(jjlii.1 Jjuaao i^jj ojm 150000 (J^ij'n '4J ^aLa La] lis j (_LiC.j lijjjx jl£ 

Aja ■ '— a j tLuijij A \^ , a (JjioJ! J «Cij| j . .-i dulS j ^^J) ^5Uall (Jij J jj^afij jl ^ ■ jail J 

Ajj-oJI SjjJllI i— il jjfraoj 4jjlia IjjjS I ■ aj]£j l_iLjj3VI J ala La liAj tLJS ^jj^ 4-^-3 

LuaJj jLaj Jl jLa AbioCor™ ^'<- ~^ i_JalLi jjaJI (jij*JI jl oLJ jJI ^lli jlij j 

ji-^-'ti ^ia] 4-a£iLa Cjl^ljaJ jjjiaj ' ■ lilj 4(_£_>j£ll <Kjula3l (JljLa ill! lalaJI jj^ 3 -Lvui^jA 
Jl I jg ;'*',' (jl (jjJ " 11 "II (J*^ ( jiljjll] ^Ij^i - ^ImJ AiAa. a ■ ^ jJ_jlaJ lS^)^ ^jj 

^.Jl CjL]j£ ' aJjJ V Igi! j tAcliall jl fra ^a I J jja Aial jj-a jl j^JI lillj (jj^J (jl ojj^Ja 
^laj Lujuij JJj^3l jLj-aJ -7- a j (jjj£jjl£xall jl jSj ■ "V I j AjSjJjII (jc Jijll (jjJ (j^i ' f I J"^ B 
i__aLwaJj . Jj^*j1I AiS J 4-a^a. (jil iJliLVIj -7^11 jl » ■ .a3l JLi.j]lj f.Luijll ^»Lutaj J ^jj 
V t _gC.I'u^ll l_llS3l (jl (jLaj^al ^»AJ j^Jl <_£ jL-aa I jliij (jl s-likVl J (jun.V^ <ill Jc jl lilii JJ 

. ^jjjj ^iaj^ail dLi^ (_g jp > 11 a (J* 
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i 111 liuiaJllI j Cllajll (j* -^3* C5^] ** 4>l*> J] i ■ llflll (JxC j-at AJUaV 4ij_)Ia (jc i lia all 
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t-illil ^jJfr f jjSoI) jaAuu — I f- JaJI 

La^iLilijl ^-ajoLij c^^iDljll -I a ■ all j ^^Lill -I a i all Jjlijj i^aJI (jliilajll ^- 1 iaJ I ajja (^-J l-S-^ 
-I a i all j^ak (_£jLuyj . j_£jj^)1I (jLjjuillj ^^Vl (jLs_>jaJI j ^jliJI JjaHllj ^.lll 

JjlaJj-a 31 ^Laj^all jj=>3 (_£jLjjJj cljlaJj-a 29 < _ 5 J^jll 

.^aAjll ^Loj^all <lcli a j5 j!i3 (I) 

25 O-ojVI (jjWill ^ ^ ahr.y I kij-all ^ jLuj .^jj^l ^ aj^all ^fl <lcli S jS jjSI j!i3 

CS^ 30 jl.vi.in £SJJJ (jl JJ-^/^l Q,'^*!'^ ■ '—II (j^J t4ji>-iL]jll jjjLajll (dl) 

? jjjajll s.L)jl J a ■ all ^jJc. ScTiU^II oj£]| jl^La jA La ."Hall 
(jLjjjill ^.lll (JjSJij -I aj —II J^ Wj^ >J — I"'''.: AJLi. jA J£jS/I j^aUiil (dl) 

300 Jj-aJ jl^La jilajll Jai^all Jjljj ASl&VI oIa <_£JjJj .JfrjVl 

?4 u^j^all <llaJI ojlA ^^.Lill -I aj all ^ AJtUill o jail jl^La jA La . (_JJJ j jlajka 
J^C. j liijLti. j j l j l"l » I- ^ _jj J;- ■ a . f jJI ^ I ^<l^* . Ol JJ jkJI Jl^C jJ5 (Ja) 2 . <^j7 

^jll ((jjjilSJIj) bjjuall Jj->>>*1 -ts^' ^J^J^' ^ J cs^ OljJjkll 

SjJjklLl IjiLa liL^l ^gjoiLuVl ■ -L^LSluiVI Jo«-» .«.Luiall ^ 1 U'a i* , „ ^ ^^ijj ^£ 1^ 
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f 1 , a&Vl ^^jojLuVl I— lSISIluVI (Jjbtx] AjjioJI AauuII 6-^7 <Jj-^?J <j^y .IgJjUjJ 

.Ll<i jj tiiJa L^LmjjaLj ^il] till jjjkJI J^C ' t ' ■ I j A alia all 







3.85 


SjJ jJI 4jK1! 


16.0 




33.6 


eLi^Vl 


2.2 




15.7 




10.0 




12.6 





Ija (Jja ■ jSpf I (jl (j^ajaal .9-S-l7 LP ' J (jJJ-a jA La (j}3j < ■ ■ uSjI ,j Ajj^iJI CllljjkjoJI 

£_kLoJI <_LA£ Jc ^ j^JI elc j]l (j« 2 UV, j_^| ^J| j <. ■,.„;\\ jlaJI ^ ^ jjjII 

-7- a jA V :<ULui«]l (Ja. ^jic. S^&l in nil AjjVI Clljjiiajl CllJjk j ^jiL-iajxll 

ja C Hb _ 02 j '[NI7 3 ] f J ^ JaJJI oh^Vi j^ji ja C 0o j 4 [L 3 ] lsj-J *U jll 

j>^3l (J!lx-a jA V J <[NL 3 ] (jJJjlc- j^JLj (Jj^aiLaJI jjja-ui^l JJ^JJ 

jA P j t [L 2 ] o JJJtjaJI (maJ ^LjajaJI ^jaLJl 4a.Lu«i A j 4 [L, 3 t ' ] ^rjin'iH 

^ Ajjjii oo j 4[NL~ 3 r 1 ]^1 ^^Vl ja T j t [ML''f 2 ]i^l 

4_uUll 

3* J j* VE j 4^1j^2JI t jiUl l j^j jA AR j 4[Lt ]o jj*^JI 

(J^*-o (jl jljjcl (j£-ajj . COA gAuull o jjkjaJI - ■ "7 jj-a jg-aa^JI jjSJjll Jix-a ^jLuy 

• GOA (C VE — C T ) jl^Lall lSJ^J gJ^I e JJJt»3JI (>J^a. jj-o (jja^Vl 

^ij 4(3Jjj jlaJj-a 95 ^Ljjj^JI 4_ulaJ I ^ jja . n's !!] ^g-ajoiVI ' ^-il l (^jLjjJj 

S-"L>J I . 2200 (J.M ^\ J (jjjjlc-j^JI jj^jj ^jLuijj .Jjjjj j iajlja 40 lsajjjII 

(jjjjic. j-aJgJ! 4LSJyj_all ' ■ ulaJI .AaxJI ^3 96.6 4 unij ^jjjjlc. jAj^JI 4 ^Li^juill 



724 



. 0J4mmHg/(iM ^jja jjilS iLuti csjluyj ^ 66.1 lui ^jA* 

.AijaJ I jnliL 225 



i IP 



I 



V 



J 



2 1» 



^ :9.^7 Jiifl 



^ ^Lj^l -II 

t \\'a\ \ ir-. JLuia_nll jLjjiijl 4 li l£ t a , 4. 

s-^i. (J£ jajjj j ' ■ llill ^ ^gjl .'Ju^^ (Jail! "Lajlaia (j^i 4 alia all el^^U ^ lalaa " (I) 
a.V)»ll AjjjiVI AjJ-jaJI s.Vq»ll {j* (JliHiiU CllS jll ^jja * ■ iajjll (j jin . jj ^ Lj-Lo 

?^jj^J_jJ t_aLJIj cA-o^iJI ^gC^j c^jjiiA A^_^J '^..V^'.^ ^JJjjVI 

.■"Liiilajll AiiijlVI 3 " 11 Aj^j^jouII AjiJI ' °'^'('.') 
jjjl ?lAjJC. ^ <io ^joiaJI (_pa«J ^ f^J^ is^-tJG^ (J*^ UJ-^J IjLal(d) 

VIajI^Lo jA Loj t<jjir ir^l Ac^)jaill (jjSj (jjl ?IajI^Lo jA La j c4_LalaC.I 4£._>jji1I 

2 jjISII Ll>UJI ^ jLk j oUjjVI jjSI 7-^7 J j-^-H j*- ^"y 5. 
. K + 1 Na + c Ca 2+ JS1 jj ill! aJU ^ c^j^ (1) 

^Liill <iat£JI <J£1I 4J3UII JjL> _>a L .dj^JI cAj jjVI JLs 
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AalaJ! Jib jjS jail 4jlaJ! £jU JjS j^l 




(S) ijfiua 


(mM) (mMj 




3.0xlO" 6 


10 145 


Na + 


3.0x10^ 


140 4 


K + 


3.0xlO~ 6 


lxl0~ 4 2 


Ca 2+ 


.diJaJI AS jLuL»i) CiLi jj^I 4JaLi jjUj :8.ij7 JjJaJi 




(S) AaSUJI 


CiJt\ 


0 < i < 10 


3.0 x 10~ 6 


Na + 


10 < f < 15 


2.0 x 10 _4 £ - 0.001997 




15 < t < 20 


-2.0 X 10" 4 i + 0.004003 




f > 20 


3.0 X 10~ 6 




0<t<10 


3.0 X 10 -4 


K + 


10 < f < 20 


3.0 X 10" 5 f 


20 < t s 200 


6.0 X 10" 4 




200 < f < 220 


-1.5 X 10~ 5 i + 0.0036 




i > 220 


3.0 X 10^ 4 


Ca 2+ 






0 < t < 10 


3.0 X 10~ 6 


10 < t < 20 


4.97 x 10~ 5 f + 4.94 x 10" 4 




20 < t < 150 


5.0 x 10" 4 




150 < t £ 200 


-9.94 X 10~ 6 f + 0.001991 




< > 200 


3.0 x 10" 6 





^Vi*-ll lisj K + t Na + . Ca 2+ cAjJ]\ cjUlab td^J ^ (J) 6.^7 

. 8 • S-s7 J jJl?JI Aa. jJLall 

.^IjjIixi 300 {£ jLuii oA« J^Li. (jjjl JS AjlaU (I) 

jjSJj 4il j*C._>j) dj^aj (jj-a^ *Ljjl AjjIj ^Sjj L£/LiJI ^ jLkj (Ji.lj CllLj jjVI 

(jl L_LiljLa Jjj3 (j^i g^iLj^ (j^aJ . (jJXJJ V (jjjl dluijjj (jjljJ Llllij-aS (jj 
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tsjja.>. Ca 2+ cAj jjVi 



Sjj^t A-ajiaia ~III f. jaj 

SjjjSJI <Jj^.lll AjC. jVl ^JSJJ < - ■ SI CjLii^Hj ^^jill ^11 £JJjJ AjLaC ^ nil) 7-^7 

Ol.l;jjll (jjSil lx-a OljJAjoill ^SlJJ it_llkll Jl j>^3t ojlc.1 AjlaC. ^ji j .Ajj^iJI CiIjjxjoJI 
lillj jUaSV 4xjLuj LojS 9.1— fj JjA=JI j a ■ all j .i_ijs.YI JjjjILj s-Lpjl j o^jjVIj IjJJ- 0 
,j j»-lll (Jill JJCj ^jj^II j ^-.aa-aJI JjajGll (JSst-o L-lma.1 lg-j3 jaJI Clllc^jjJ j AjC jVI 
. A^Jaikiall (jii.ll jjjj jljfcl ^Jiilj Ajj^JI ojj^ll ^ 1 ^'jijll ^iLilxj ^JJil Iftla J£ 



.^LuuVI jvuia, Ajj^aJI AjsijVI jj^iLuai :9.ij7 Jj-i?JI 









63 


2.6 




27 


1.8 


.U«2I j«Vl jU>ill 


35 


0.4 


-Wujl! ^jjU^^I ^j^all 


3 


0.003 


i— jLjj will 


0.05 


0.0006 




2 


0.002 




15 


0.5 


Aj-wjjjII AjJjjjII ^jjall 


14 


2.0 





(Jjl jail JJC a^ll <C._)jai JUa-o (_£ jLmJ .JgjVI (_>u jsl 1 UUA. ^ 10.L_s7 LjS *) II (JJJJ (pj 8.4-7 

j ■ *W 4j»j_a j ts ic plLliVI oUjjl .Xojajj tAajlfill ^ji Ijla 0.372 jA IjjIj Ijl^La 
AjS^a Ji.^11 jliil -^JJ .till lis j .1 iT^rfi Ijlaiiiui 49 4-ajlaiall ^ ^^11 ^a^a ^jLolIj 

j^jYI (J^J* U' • y J X (JJAUjVI ^ O^J-" ^ '2 ->^' -Ah ^ • ^ cs^ 

<L«_pUI Ajjlj^ll o jail JUaa j oLajl (jl . J£ .till Ua j <kj-« 4jl j " ail j Cljlj i-^lnin^ ^ji I1a 
.(Jjj jill ^ Alliill JjcILo cWj V .lillutj^aj (jifc AaIxj Ajl£-a J^jS/I <_>u j3 ^jic. ialLail 
(jji j3 ^jlfc ^jjuiaJI l^q;inj ^^jll ( -F J -F y J ) <jjl _j*ll « jail ' Jm-slj ii^alj lilj! (jiajjal 
y J X Jjba-all Jl A Jin lib j>^3l oLaj! ' 1 J AjILV J^-jVl 

LiJaJ ^1 (F J -F y j Fj 4jjl >all S Jill <Jin*>l .(jjla_al! e^A CjUUjI jjxj V) Z J 

UalluLa (jj^J 1 a 1*"*- <jl^o ^ AjIsjV J^VI (JJ j3 ^^Jc. - ■ aa II 
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' ■ lliill (j^i (j^/^l ' ■ ijl 7- II J] _>^Vl ' ■ ul 7- 11 (j^ la» ■ '— Ja _jjA A^ij (jjjj ig-J 9 .i—i] 

?Ja jj^JI I OA jljLi jA La (i) 
<La jlLall jl i4jc. jVl 4_a jlLa ' ■ Saa ■ all Ja _jjA J' aaj < - ■ aa II ^3 ^.lil liljajj I a He 
5-Ojliall AjJJlxll A La .*lc-j]| jl.laj ^.Jl c*H£ia.l ^>aJj ^1 4-Jaja all 

PRU <ikia_a]l jLLJI eiijj lj!iLa (_ll jaJI Jact ? ( aj^aJI ,J Ajlaja-aJI 

. peripheral resistance unit (PRU) = mmHg ■ s / cm 3 

"LajtLi lit jj " -*W ,_5j3 3 XII djjaja-all 2_<i jLLJI j^'" ;4jJaLj3l *Lul (dj) 

140 (jJa-jll ^LjJill AJai^ jlSj c0.47 PRUl5jL^ <kl\ 4-lkia J j^.M I 

^u. jl-^-" 1 J* La 'Jjjjj 

- 1 aa II s.l_)a.lj f I ' -*"" ■! ^?-*? <_s^ CllLajlLall Ajij£ (dlV^Ll-a ^-a| LlC _jj j 1-La£ (JjjsLi (dl) 

ji.^l jl jj£I jLylill Lj-i-iii ^1 A^jlLJI Ja .4jK]I AjJaja J ^LajULall Ix* 

cjllall Jjjjoi ^^Jc. .^JSII (TjaJI (j-a iaSS Uja. VI (ajoiaj ,J yJaC <_£jj V 10-^7 
£ja. (>a AlaJI ^ 14 <_Sj^-y La ^1 c^-all ^ <aj3.jj| ,J IjjJ 0.7 L J&- pLa-JI Jj-aaj 
.(_5ja.VI gLjaC-Vl (j^utJ lil^U 10.^7 Jj^aJI j"- auj .AaJjll <1U. ,J ts JSll ' ■ llill 
.Aj-ait ' " ^ a j j_g j±\ ■ ■ u£j I iuiiuid 10.4-17 (Jj la II (_Lj£l (I) 
?(jJJJj3l j>JI (J3^j <_&*-« jljLa jA La (<_j) 
= (j-a ^jic (J j - aa II £yt <"iN , ^— .11 jjjixj] i_lik]l ^.Ja> -^Aji ^-iLj^)3I (jjjLajll «.Lul 
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jB ^l* ^ail £ > :10.^7 JjJaJI 



14 0.7 ^UJI 

18 cjX^JI 

1.35 JjSltj JUJoilj jWJI 

0.3 " Jk3l 

5 f li*JI 



.iwiUjJI *Lu! ui £ji :11.cj7 JjJaJI 



4a) jll 4JUj AjjUL. >a«JI J2JJ jita > ia * JI 



^Uill 

AlaJI j^S 50 1 i>aiaJj JjSII j JUJall j -■ '-A* 1 jl^TiW 

Jlioi AjuJ jbjj ilaJI 



Alall ,^4 50 jJ^iaJu jtllKll 



• 1 1 • L r J 7 (J J ^ B (jJJ-o jA La Jja j - 1 SI ^\ ^ jjj jjxjjj hIiLjJxaII 
<j-a£ jjij jl-llo jA Lo cAijihlt ^ Ijjj] 12.8 (J J^J ^^P- (j' O^J-^W^) 

.2_lC.Lo.JI , A\ j i . iVsll (j^aljxiV 4_ijxi_JI AjCjVI (JJ ■ .ixj iiil) 1 1 . (_j7 

. ^jjjl jjaJI (jj i iaJ l5-^JJ -JjIa-». (_J-a\ jC 4j!Mj (I) 
4_)j^)»_a AjjVI ClAjLJIj < (jj ■ aJ ^kz. ll.L_l7 (J^ nill ^ (jj;<ill jjij-all ^jlj^jai]! ^S^jj^t—!^ 

1 10 <_£ eg ' ™ 1 *l j"'"/' 1 ' " 0.5 <_£ jL-y jWoti :l ^sjaII ^-Jl (jajij (jc 

4_-._>jai l_lm-vl 1 jiLojlL a 0.1 4-1 jiaiJI (_£jLuilj .4_ul_i]l ■ " ll Jp aJdj i u 

(mean arterial t^i^ jll ^Ljj^II Ui. ^W i .iaiVi jl A^jkiJI oi* A^iaiJ ^ 

pressure MAP) 
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:11. V 7 JiAS 



^, V.I jSj^j JjUi , ull ^ N/^j ^l.,, j]| ^jUjjill Ui , LJli. ^UlaVl - ^jolI liLa] 

^_a jxll V) (I) jxll ^ jll ^LijiiJI k» . bJI S-oja JLaxUj 

. til 0 Aajoj £_a <ajdill (jjla . i— J ^a j-oll (j ^j^"" 

s-ltjll (jj 1 iaj 1 ■ UjlbJ (J 1 aa ja (jjjjj j"' "-'I.' " 0.1 jl-lLaJ jail ■ a -ia_»JA (jl (j^ajjal 
^L^juJI Ia» ■ jail j Acquit 1 ^i4.-i,„^ ^ijjj ^aj^JI ^a ^Jl Ac jjji 1 \..,^\ j i^jjaA] 

.(!) ^a^JI J (^jll 



(jjjj -7- a ' ■ AjiiLui 4jC. jl J Iaj 1 jail jl-ljj cLklluia 



(4 12 - 



jjJI jljLo jLpjl J) lai l^II jLujl (^-ijJj .f-uiaj (j-a <_S_jl*il J J ja. jaII ^31 

i—aL (j r-i-^ (j! (j^ajial .lialj ^ t%\\ ^ii La jjaUl Ajc J\ jj^j^ll 
. jxui 30 aJ jJa (jlS j tjajj 0.5 ^jjjil j^a J^' . 12.4-i7 jSJill J ja 



4 
1 




jki :12.^7 J&tiH 
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AiiJI JjS jj :12.cj7 JjJaJl 











207.06 


2.3 


1.35 


0.0 


155.76 


2.4 


1.73 


0.1 


121.31 


2.5 


2.23 


0.2 


94.47 


2.6 


2.86 


0.3 


73.58 


2.7 


3.67 


0.4 


57.30 


2.8 


4.71 


0.5 


44.63 


2.9 


6.05 


0.6 


40.61 


3.0 


7.77 


0.7 


42.12 


3.1 


9.98 


0.8 


46.75 


3.2 


12.81 


0.9 


54.63 


3.3 


16.45 


1.0 


63.54 


3.4 


21.12 


1.1 


67.12 


3.5 


27.12 


1.2 


71.48 


3.6 


34.82 


1.3 


73.98 


3.7 


44.71 


1.4 


74.85 


3.8 


57.40 


1.5 


72.10 


3.9 


73.71 


1.6 


70.23 


4.0 


94.64 


1.7 


66.31 


4.1 


121.52 


1.8 


63.49 


4.2 


156.04 


1.9 


62.57 


4.3 


200.00 


2.0 


63.03 


4.4 


242.07 


2.1 


64.54 


4.5 


245.47 


2.2 



jja^J Iftja j i jxJiLW JjAaj Aij_)ia ^^A ^^11 (JjS-iJ Jia-o (J^iS (J^l J^ 3 L$-^\ (^) 13-4-17 

jjxj 12. 4-7 dj-i^JI (jjjj .^joijII (jLijjj ^ji IaJjSjj l-iSIjjj (jUjujJI 
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19.3 J (J-^^) -4 ^ U^'j^ 3 ^ .Ajj-aJI ojj^ll J 4jLii-a]l (jljjJ JJ&j 1^] J°' 

Aj^oJI ojjJI ,-3 jll jjaHll (Jix-o L- imaj (jLi^jjjJI J all (j^i ^1 jajIia 

4_ii«jll <alalail aJA J LllULull Aialx^i Jl 4_ujl ."JjjoulJ!" ^^jj^ ojAlii J i — 30 

JjU .(13.^7 Jiill) 



ljI jjui^l fj jluL a ^ ^yic. f. hjlmn -IV ?■ ja^l 

J j 1 - Alall J 40 A^liLu Jjl J plj^aj dlUjill 4jjiall 4 u, i ill £JLj 14.^7 

lilill (ji^j J *\j*sA\ diLijill (ojLj j) iaja J ^.ill jaa Jlo i\±^jA\ diVUJI u^ 3 *^ 

4_ilxui j]l 4-Laa a il s. I j"^ II CjU j£ll 4 im'il (j^-aJ t Jlj-oll (Jj,' L " Jc . I jffi < iViA,' J 4 luull 

oUjill iaja 4JU J aUI J 65 Jjj jaa 4JU J aU J 15 Jl J^" <j 




Jlijjl JJa.b tA <kaJll (jiaJI J*J .jxjjii AjOojI ^_>" Sjia. ^ ia \ «i : X3 - <— '7 <j£*ill 

iDj C jjilaijll (jJJ jjSjjII ^alajj Sjjill Jj_>" -^J -B 4 iaa 131 ^ jlpjVlj jjSjjll (3^! 
4 t ) . ,-ilt (jljjJ JJ^JJ I jj ?j 4 h-i 111 ^jli. Lilall ^ ia liij ^alijlLj J n") i aj (jl (jS^Uj 

.F J f>JLi LiK 4juj^]| £ Jlaj ,j1 Jja E J ti ja.1 S jji J jjs jl jj^l jl jSj Ul .Ajj^^II ojjJI 

: j\ ^-i^\l 

Webster JG, Medical Instrumentation: Application and design, 3 ed., New York,: 
John Wiley & Sons, 1998. 
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AjjIaII A jjuull £-a Ai.j_j\lll ^y*J (jjlJJ Ljja '* jl Aa. j».lll Ai.j_j\] jl^Lo jA La 

. ^j/V' ^-j"H (jiilLaJI ,j a "La. j_)l J.la. j . * I j-^H diLj j£ll A-Laa a H 
i -b j cAAjLJI o^aill t_ll j^. ^ji (_Luc1iji«]I ^ja LaJI Ubl jaiLa LljJaLjj La.i j^ij ^1^1 (I) 
JLa«luL Alall 65 J <iall ^3 40 J Alall ^3 1 5 Ajjlall i.lmill j>j3 JUC. Aji. j jlll 
?4ljLJI (jc IjjjS Aajlill ^jiill Ja .^jjAjjW £j) j^ill lilli 

(jja-Hll ^ _jj jSjil j caIMjII i j l.i ill aic. j^-jVI jjLi^uJI ^ jjji.i1 jijj J^c t .luiaJ 

.(j^aj^ll (J^ (Ijjlc jl j»l Ua-iL^a^ 

^11 (jjajoi^iU (Jii (JjJaSl (jflaj ^^jll pl^aaJI Clljj-U] Aj-oa^JI AjjlaJI 4 j mill ^ La (d) 

iaa ■ '- (jj3 .lie A^joij^l 

.JUM j c*"^ 1 e-ijj <^ *l >»^JI j»^l Vls^JI Aj^UI A^ulIII :13.l/J JjJaJI 



UaJI 


(jlajLa) jJaM 






80 


0.15 


3 


JUJall Jjjj 


20 


0.20 


5 






0.21 







(jjJLijj J (j^al jjalj .Alall ^ 20 AjKII j c<iall 80 Jlaiall A^aill lillj <_£ jLjj 
jl^La jA La c 1 3 - S-lV (JjAaJI ^ o^jljll CllljUJI JLaxiuAjj il*-a I » ajaj jaatll (jja 

?^jlill AjjjII ^ji Ae^jJIj Ajjlall 4 jin 'ill 

j»jll s-liijj Aa. jgLa l&jlLiI < _ s it Lj-a, jla j Ajj^JllI CjI jjxjuJI (Ji.lj )a jj ■ iall (J-axj ^ 
laj i ga j c^La-uiiVI (JJJ La ^ j^jxJI (JjLJI ^j-iaLjj )aSt ■ <a - ^ i ajj .l^jljAa. _JJC I S3 " 
laj i ^-11 ^ <ajoijVl (JJJ La ^ (JjLJI iaa ■ '— j tAjjjxll Laj!Mj]l ^-i^iljj laa ■ '— j cdll jjxjoJI 
8 (_5jLuij 4-a mjVl (jjj La ^ (_5 jjill (JjLoiII ^jJalij iaj ■ '— I^^A Sj3 j!La]l CjULuIIj ^1 i all 
iaj 't3^j 28 LSjLuLS AjJjiJI Laj!iLlll ^tj-aLjj Ui>i j 't3^j j"' < '.i^ < ' 

j"' " 3 (_5jLuy mjVl jjjij La 
.AajjVI Lij» i '-ill I j. adai a L^_)joi jl lijjaj Jacl ^IJ 
Hail ■ all (_J jLjiJ .Lj-la ^L^joJI i-jjJall ^ laj i all oL^jlj 'ijjkjaill iaa ■ a L-luia.1 
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. Jjjjj JIaAaa 13 ^Lljiill L_ijiall ,j ^jLkll j -gjl i all 
laj ■ all (_J jL-uJ ^ '* tS^iJJ^ <— i^Jall ^ laa ■ all oLajl j ojjkjill laj ■ '— <_lmaj (dl) 

•t3^j 7 L?-yjJ^' t— SjJall Ait j ^gjl i all 

laj i all jl^La La '(jjflj 17.3 (_£ jLuJ ^ " jll CjljJJtAll laj ■ <jl (j^al jilslj (til) 

?'ijjxjjill Jjla ^^Ic. <aL?jI j ^L-all 
•(3^j j""'A"' 20 lS-^JJ^J ts^ij^ O^J^ 3 ^ ''*""' ojjxjoiII ^ laa ■ '— iajoijla (_£jLuij 
laii ■ a ' ■ imau I aj£a -Jjfij 17.3 (_£jLuiJ ^ k a jll 'ijjjuoill la» ■ '— <jl JJC. 

?LuL UiJ lift J^'hiij liLal ? CJ Ja J o 1 jll S jjkliB 
j°' ■ " - ■»■ ( _ J it SaUaJl A^jouVI (jJJ La JJaJI ^ (j^ajlill JjLJI L-lAAl (jjl Jl 

c 



1 — - — - I 



ITOM,' ^ , 



:17.u7 JiA» 



SjLa J JJj (<il) 17. m7 

g jin ill Jl ojjxjuill (j-a 4j|jLall o^Lall jl i'iml (jl (j^ajjal .17. t_l7 (JSjjill J qua jA 

:(Fick) tSJjfl jjjli 

li =PS (C -C T ) 

si-all iij Qa\jla J&> P J 4 [Nt"' ] S JJ*All t> Aiijlall Ajljull Si-all aJLu* ^ R jl 1 ■ Ua 
AjlA^all oi-all JJ^JJ ji C J c [L, 2 ] o jjkjoill ^JaLa gJajj 4^.Lui« S J ' [Lt '] 4i-lall 

jja-a jA X j <[NL~ 3 ] £Aunll 4jlXall S-llall j^Ji jA C r J c[NL" 3 ] SjJ*-All J 
A QAQlj • [L t ] f .ill ^ <)■>'> II jjaHll Ji»-a jA V J ' [L] 0 JJXj^II Jjla (jjilla 
J jia jA L J '[LT _1 ]j»JI A£.Jjai ^ V J t^AlJjll t-ijiall V J t^LjjAll t_ajiall 

. [L] o jjjlJJI jiaS t, 'l>^>'i jA Y j t [L] o jJJt-^l 
r j P j C T j C A <1V^J OJJJ«JJI <lLp ^ic. C v AjliUl SjLall jj^Jil sjLc ( J r jJa (I) 

jrti^j j .dx AiLouJI J. >iUM <j jl ja aIAjla ■ . :3JaaiU) V j L j 
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.(JC JJ^J^I (jLilij JLaaJjJ 
IAjjVI CllLajlx-all !/Laxjjaba jj£ jlxll (J jla a] ojja-uJI "Ljlgi ^'"*- Cy j^J^I <-_luia.l 

C A =5 |imol/mL, v =0.7 mm/s, L = 1.6 cm, r = 4 [am, P = 5.76xlO~ 5 cm/s 




j»u :15.^7 JiAS 

<> AlaJI J 99 j aUI J 95 j tt-ll J 90 Jl&V f j3UI Sj^JJI J > t_i-aJ (Cj) 

^Jljljj 4.a mjVl (jjj La (JjLui aaJj J La£-a IjjJ AjjlLajllI "LajJaiaJI tS^jf* (^) 18. 

i s > 

AjlaLj j (j}3.ij (Jix-a jjxjjj .A^joij^l (jiJ La J jja II (j^i ojjAII SjLall aj'm^j ' " 'I jjlj j_)JI 

t-ijxjj .15.1^7 (J^jill J (jij-a jA La] ll3j (J plcjll (jljAa> J jia Jc (JjLull 

: J elcjl jl-lii (j^i ^J-" 1 J ^W 1 - tjSJjll (J^oa 

V) =K i (AP i ) 

1-1 '" - ■ 

^ I, j ([Lt ] / £SjJI J *lfc jll Jja. JJC Jjk-J (JSJJ Jix* jA V. (jl Clip. 
(_^ka]| kk^all jji jA AP ; j c[L 4 tM _1 ] Z £5jJ J tit jll Jjp JJC J_ak-a]l AJalj 

.[MTV 2 ] z ^Sj-ll J >US Jc 

P 2 j P j j ^ 3 j ^ 2 j ^, AJV^J Aau-uVt Ltt? J kiuJal] SjLc £ jaaJ 

P 3 j t^jAlII flcjll (j^i (^JjjjII j jLjjji]l jjS jUI Jjft jl k» , *a]| LaA P 2 j Pj • Pj J 
(j^ajlial C(_£ j-aJI tic _ail (JJa Jc j3*1i ' (j' ^ JJ Sjjl a^j\ti <LajIiia]| jaa ■ jA 
.AjjIj AjjlixuBI 4-ajlalall Jj 4 i ajVl ^jjj La jiaJI J )a jat ■ '— II (jl 

(jjjj£]| AluiSI ^-ilj Jajjj t4->i.iiVl Jj <jj-aJI AjCjVI (j-a jja u^Vl JlSjj) «.Lul 19- 
i-jjall J (jjjj^ll \; i n^l jlal iaa ■ '—II ^jLoUj .4jj-aJl]l Jl A^joijVl (j-a 

(fi jLojJj .(3^j J*'<ij^,l« 46 c5^JJ_jJI ijiall J j '(J^j j"l<nij.n 40 s-ltjll (j-a jL^joJI 

jIj Jlijjl Jjx-a t_b^.l .17.575 mmHg/|jM ojij^ J^ cJj^ oj^ 
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:(HeartMate® -Ull. j) j^Vl jj^l ^L^a La ^ ( f ) 20.^7 
j^Vl jxLaL^illj AijlLi jl^J! I^J U> lLiX (!) 

.(_£ ji.YI ■ aoJ J 4jjlLa jlfraj ^ L_S jJC j£jl ((_l) 

t^cjJall ' Lua ? jl g-aJI lift -li. jJ a j»£ ^^jj^yVl (jj^a^l -icLaixi (_LutJ ' (' ') 

.AjLi.yi £-a I,'**-,' 1 JJ I iaJaa a J}3jl j 

?4jLa^ia j ^ jjj (jjl (til) 

?o.li.l jll AiliJI ^ ^ ■ ~< J\ J*J$\ jjK'H ^tLauJ (jlxj ^ill ^Jl jl^la jA La 
^cjJaj 4-a_pU\ <SLLJl ^^Jc j^Vl JltL^ Jj^lslJ i flj£ 

, 1 ^ \ ^r- *Llil^^ 4 q o \^ \ A^A^^kl\ ^jl^^JI t,"4„^,^**V^ 

:(Jarvic UjJliaj) i J jJ 4 -^ . ;-i«l l jl^ (_>aij La 21.^7 
>Vl ^L^L 4jjlia jl^J I U> (I) 

a££ jSil ( M ) 

£-a Laoj a jJ 1 UUA. ^ (j}3jl J ^ J ' »■ — AauJaxjl jLj-a (J-a*J ' (' ' ') 

?4jLa^Laj jl ^ II p jjj ^jjl (til) 
?a.li.l jll ^ AjkjJaJ (jl jLj-aJj (j£^J ^ill jl^ia jA La 

jlfraJI tllLa^La 1 a ? jl j.n'inAj ^Jl ■ la] <Laj!Mll Ajliall ^^ic J' aaj i SjS 

:(AbioCor™ -Uliaj) o-a-ll ^Lu^ll La ^ ( f ) 22.^7 

>Vl ^L^ilL AjjlLa jl^JI lijj U> (I) 

jaJ-aL-ajlL 4jjLLa jLjjJI ^ji L_l jJC- Aj!ilj (t_l) 
^-a Lja-li a j3 1 UUx. „ j i ^\ Ajll ' Lua y ^<"-t all ■ ■ llall IjlA (J- 4 *^ ' (' ') 

.2uL>)/l 

?AjLa^!La j L aJI ' ■ llSlI ^ jjj (jjl (til) 

jll ^ AjLj-aJ (jl jl ^7. 11 (jl^J ^ill ^Jl jl^La jA La (jr) 
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4$X j (j/iunVi 22.^7-20.^7 J^all ^ SjjSUI Sj^Vl ^1 (<>) 23.^7 

J ■ '— al ^ jiLo jl^aYI a^A iifllj 

' ■ llS \'''*'J * ' JJ^J t(_3l_jj-uVI JJjlaill JjS Aj&I L all L_lJ^ ALJjJl JlxJ 24. ^7 

* J^"'.'* S^C- (.g^C- *LlJ 

■ ^cl u^i ■ ■ llS — * (jJa. (jLlmaJI lAAi.1 1-bJ AaxiAYI aJjAiji jJjl*-a ^ j£j)l (I) 

"i, *\\ i_llkll -j a ■ aJ ^ AjjC-^o 1 » j£l Ajjjja^s dluijl jjjIx-o Ajai-ai. j£jl 

AjjSjII CALl^I jJI 3JLa1 ><# e.li-sll uBL Aj-aU. AjjSj i^liualj* 10~8 jSil (d) 

.lAjJC- j jlfra.il 4jtlaj Aallall i " ll A laJ a j <SaJI ■»■ j JjLjiII ^ji (_fc*-a j ^ajaJI 

.jajall oik iiljliii.1 

<-l ~\\ t . iVaU ijl^Laj -»* 1 g i >»'< (jl (j^aj aj£na jl£al Aaitj jl (jjjj^a j£jl (di) 

fjuaa. ^jjll Jj^S jl^a. AjxaVI (>a Ajllc. <L>jJ Jfr i >all jLui.1 i*J (^) 25.^7 

La ? f -».,i^ll ^3 ^jjll <LU11 dll jjfraall JJL^aUJ ClSjll ^fl Aiaxi^-all i jA\ ^Ja La .jU^I 
?Ljja IgJLki (jfLaJI ^ La ? J jJI lillj i_SajJa j S j3 Jallj 

.Aj^USj 4iLal (jLaj-al 4 SjjS jl <*Q sjLui.Ll jaLill tlLlc ( jLj a SI ^'u^i ^xj ^ 26.t_l7 

jL^aJI ^jj cJ^ ^j'j^-j 1 . ^gjll oljljlkVI (j^ CiUa i^c. (I) 

YljLa] Vl^-llc ciLaJ-aj aj J.*'^' ClLjljJ^JI La 

La .(jl uijVI ^^ic. Ajjia ' ■ Ijl aJll lUJalo dll il jja II ( _ ? lc. iiijljLiii.1 gjljj (J^atAi (dl^ 

?(jLujYI (^ic. iiLjL>lj c^jI] Lpaal j-a ^jJ] jrti^j ^1 Aaa^jII Ajj^JI 
Jti ujUdl „Lui L^j ^LojaVI l-i^j ^1 A^jll LL^all ^ La(c^) 

jrLuu j^iJI *U 2LulSll <^Vl t> o^ '^ J jA ^liall t_JSll ( f ) 27-^7 

,t_i^J| jjc. (jjjjxj I _all jLa (jl JJC. (JIAjIuiI 

- < .. 

jJill t ■ Jail f.\ ja.1 La ?JL>-all liA ^3 jVI yJa. Cjjj^.1 (Jill dj _aaJI ^A La (I) 

y ^ t n -n. \ l ^3 ^ j^i! 4Aj1-5 ^j jj^ *^ ^ *n. t u i Sf i 1 l u^l^ 1 ^ ^ j • i u 1 ^ jfl ^ ^j jj' ,,n -^ il l 
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?i_j^JI IjlA ijjSaJl] 

2_iLax]l CjLilLaVI (jit Jje .AjeiaJ L£UJ jA ^JSII (J^iill ^^i. ^ Ll! 

<^ cjI^ c 5x^11 L£LklL AAiU.Vl jJiill 

y S jf. w 11 L!>LiJI (JLaaluil i 

^Lujyi ULIS :Brita® LLjj <> J^ai 

^flajj ^jA I "^"'"fl "j i(l.dl7 (J*N ujjt^ s.Lil_jj-alill 4ja. (J£jj LigJ (jl j i iaC. LaA ^jljjlill (jj 
(j^i l—J^SHj jfl Sail (Jiuil ,j (jtjjj^j-a LaA j '(J_jJI (jjj^J (J^Li. (j-o - i II J (JjLjJI jl^La 
V 1 $l3jS j i^x 1 1 jjL*i> V La$-La J£ J jJa j jSill Jj-ax]l g^La. (jic (jiajll ^iKti jl^aJI 
AjjKII 6^)a.aJI LafrLa Jla.lj]| (^^uoij (JJjiJ (jjiliul (jJjLoJu (jUili-a LaA j .LaljC. 160 jjLaJJ 
AjjjlLj (_5 jKll (JjLa^jjjJlj ojxLall AjKII ojii. J i ajj j .i_llgj3V1 J Aj (j-a Jj ^^ill 

.AjlfLall Jj AjKII (j^i (JjJI (J^J L_llLaJljj cAjj-aJI - 1 II Ajtjl ^1 jj^i LaAj i (_£ jKll 



«,... r v , 1 , , , 




^jisii jb^ai -4 

^ jlSJI jjjjB -5 
lJLJI -6 

-7 
-8 



« 4 

^ajjij a jj* .^ill <jj-aJI AjC-jVI a£l±£i (jlj_>jaJI ^jSjjj .(^jjlkll ^ji-ll (jx <la]l J 25 
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' LiSaHi UJ^-" cs^" ^ -'^^ y j'-v"' .^2.i^-7 (J's^ill) (J_jJ' tlHJ^ U 1 " j^""- 4 ^ J 

.(jljal) M^Vl j> JI&VIj J (oaLual«! sir.]) |,J SjjxHj .'.l^'^ti 

(JSj JixAJ (_g __)JC ^ivijjll <LojJai« ^j^i ' Ljialll ^^ijj .V_jJ ^j^i 

IjjJ 1.5 tjl yTn (jiilll (jjliKll jjc ^Jl qa (Ljjllc. 50 'j-^ 180 j^-j ^jj J£ 
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L_l jiiiVlj A all 



AjKil ,J 4J&U3I S.ia> jll jAj t^lj ojJ^ :2.Ci7 JS-uJl 

Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 
2000. 

dllil ja. ^^ic (C j"'^"' ^.Li^)]! J i aiS ' " U3 «> ljj£3l ^)JC. V jl AjKII J _ja. jaII » _^aJ 

^j-aj^ij Ajjj£1Lj lajaj l_1j^1Lj A^AlA AjAj ^ "^"'J •^^IclsuJI jjc. ^jjJujjILj 4_Lajljj«a JJC. £ ■ a 
jjl j^a. ,j lg_a 1^3 j Lijliljl <La.Ljjj]l ,j ^^jll CjUjjiJI J t3 ■>! iVjll jLajlj a j^- a 

dllj jjVI j «La]l l^ia j) 4 i aia LaJl AjjjjaJI (j' jj^ ( — J ^ '^J^? - ^ ' - Ua 4<jj^JI till jjxjoJI 

Ajjp < _ s j]I '"'I ajlaaJI) _^J^I <_^A ^^il! dll aJj aa II (jl jja. t<a.Luj^)3l j-" '— <U i aJ (<U _jj!I j 

.^1 jLjJ (jaj-ia Ls i±i (CAjIijjA\j «.l j-oaJI j»JI UMa. IgjlLal (y& j cClljiajjlj 8 ^j-lc lAjUail 

2 *n dil j (proteoglycans) cjUlSJa jiij^JI I ■ •- j CiUjjaJI cjUa Jclis j 

^jjSt Ajj^ mi c(albumin) jAajJVI I g J tAja uill AjILluII 1 " ll ajij aa II ^ijJ itLuiiJI ^ 

JJC ^-"ffil (j-o ^-uj^^all ^^11 ^_>a_ij A ja uJI 4ja. j^ill jl 5j _aajoba]l JJC. clAjjjaJI ^Jmijj (ja 
jKIl L_l jiijVlj ■> iaja all Ajj^iJI 4jC jVl (j* 2 < i .* ^^Jc. ^ jiLa tjij^i 

CxXjJasl\ liljJJ ' llja < dAjjjaJ3 ^ISijVI (J —I ■ — fC jKll L-ljjJiiU 4 i nj'i jll 3 ilia j]| j 
^Jtlij _aai ^^ic- 4j 4 laja all Ajj^JI AjC. jVl A^jji aJ aJ itjjt <a.Li^)ll JJJ^i [jJa. j I j a j^-^ 
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j]l AjjjaVI (jlaLa^Vl J jj^ jliJI Aj-aLkj tULaC. dlLj^i-all ^!iLaVl Jc.laj JJC-j 

jlxj j-ojJI s-lt jll j jjjijll jjj La (J ^Lall jj£jj (jjjjS ■ ■ '.'"'.'j ** jJJ^I <J ' lia "< j .13 
^^^uij j]l cA^-JI a jjjJjjJI ajlA jl . ^i^i l nti J!iLk ja Lulalj £.La]| (j^al . rVi J 
jj.alijll Ljjliijl 3 j jjj' jail jl j^JLj SalaLia.Vl ja - 1 aa ll (j£-aj i^jJjjVI j al i aJ "V I 

• CSjiVl CjLii-ajl j j^XaVlj cLaH jx> AlaJI J 99 jaj j^iL-aial jUi tVLa^lj 
j'— aa j a] jjll j« jjSjj Jill ' "'^ ■ aall j* Lifuij a jjju-a jjjlLa j al i aJ al jlxj cAjjlLalljj 

.A^Lijll J Lj ^Pit ^ Jjj Jll Iajjc. j (jjjjLjj^ll j djJI 

jij-al jjj A-aJ tAjjAll AaLjij ja AxjS (JjLpi-a . al aJllcl AiL-alj 

j^ j tA^LSjll JJ (jjjiillj 4 JaJa all dll jjj l'MI ja A-a j!iUI JJC. .jl j-aJI JJ^iJ jJall jA (_£jl£ll 
jj^i 1 » al a". (j^aJ 4 J j ■ Cllljjjl j a JJ*Jj Jjll J jJ^JJ-^M-H J ^J^J-"^ i — '^Jjl -ll J-all c^Uj 
(— 1 jJjjVl ^J^J ~ ■ aa j| J i ^MiiMiNfl ilAjlaail AjxjjJall Ajjjljll gjl jjll ja jl AjjjC. dlLljLajS 
CllUjjijll J aJ ja. j-all ^La^jJI (_^jLa_a I J ■ — " j t^LaaJllI (_g j-^ a J Aj^ i a2 AjLjjll J (_£ jl£3l 
Lja. jL Jia. Up jaJ Ajllall J AjjU C_lX_aill (AjK J£ j» e_llU.) jUUJI £ JSJj . LjJlsJI ^3 
(j<« A^jlill Ajojjjj]! AjjI g ill j| j-all (j^i ojlc- J jJI t-illjjj - 1 II £J^ JJC. 

dilijj! (_jlj (diV jiis j ciAjjjj^ lS^)^' a j ( J jJI j jjjjjLjji]! j aJ jJI) i . £i . ..y I 

.(1.^7 Jj^JI) (K + .Cr .Na + ) a^U 

(glomerular filtration rate ajjj£11 ^.jj Ji**j U-a^ ajKII ^±i\ jl^la ai^j jLsj 

(_£jUjl j^-n .nil ^ Jixxll liA (_5 jLjiJ -(j-ajjl a^a. J J ^Jjj^ll ^Jl ^» 1 3 l_ ijaJ ^ill GFR) 

J Aiili_aJI dljii-a]l (jx jjj£ JJjJ jl (j^JJ -cjji^l jU"?^' (3^^ L>* Alall J 10 

i > * > 

j»jll (JSJj (JSj t dlljj jjjill laa i all j^alikjl (J jj jji. t!>l!La .ajjijj Ajjj^II ^-Juijj (Jla-o 

t.i.i"',i cjill (angiotensin II) II (jjj^ijjjijT jj^ ja ciibjlaLa jUjjI l^jI^I jW^' cs^ 

.Ajjj^II g j mi jj (JSs«-a j C-lUjJ^il Jc. Laj ■ a3l Ajjj La I^Aj t^S jJSlI jUj 7- II Cllljjjjuj (jj ■ aij 

(sympathetic nervous aj^jJI ajj^xJI A-a jiuJI ^ ALl^al l tijU jk^VI ji ^^.^ 
ajj jll 1 J ■ acVl aJj^iiJI JjclLaJI jl Vj tljuni !ijia Ajjjill jijj^jj Ji*^ jjxj system) 

jljij lS-^JJ j' ^JAijill l-ijjil j^-aJ C(J\j-a]l (Jj.'"' Jc .IjJJ^ Aj3 JJjJ jl j^-aJ AjIjjII 

(jLaj Jl ^jjj 11a j i (norepinephrine) jjjiiuljjjJI j (epinephrine) jjjiiu)/l 

jl^jj jl Jia-aJI I^J j^ajj .Ajjj^II ^ j mi jj (Jisix j 1 il Jl J>J j«j (_5jKll jl^aJI CllljjjJo 
jxi (j'li nail Cll jjVI .Ijin^l (J jl (JjJ^ j-° Ajj^i^ll AjC. jVI ^J > 'i JJ Jc Jill CllLj j-aj^Jlj 1 • aJ 
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.(bradykinin) jjjjSjijJIj (prostaglandin) (jj-i^llu^jJI j cAj^I ajc-jVi 

^JjjijJ (Jjjlx JJJJ (jl j»-JI j£joi ^lijjl jl Cjlijjjjjll (j^i JJJ^ (Jj^jj J-" LSJ^ (j£-oJj 
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Guyton AC and Hall JE, Textbook of medical Physiology, :<> Jj^J 1 * 

Philadelphia: Saunders, 2000. 



Ajjj^i jj Jjjl« i.di7 Jiiail 

jI*j jl jjij (jl (jjj (j-o A \\f\W jjc. aJj^jou j-sj jj*I« jA (Inulin) (jJjjjVI :*Ului«9 

^ (jjjjjyi .4jjj£]I ^ j iti jj (Jj*-a jjAaj] LJH« ^ ^T'J L« I^Aj t(jjjiill J Aj-aL aJ *l 

t5 Jcj .^jll (j-a IjJjllil-a 100 <_K ^ (JjC. 0.1 L^J^y jiluui JJ^JJ (J-^J <j' (J^ '"^ 

^Ijc. 0.08 ajs ^ Umjll (jJjjjVI jj^jj j^jj is'^ Cy j^AAj- 0 180 'o^cL" ls-^-" 

f.ljj| J (jjjjj^l (_g j"un.n (jl 1 . ji'i * Q ^-A. ^jj 4jjj£]I ^j i n jj (JSx^i I— .jjjiJj-ail 

V 4il j ^jjjiaJI ^ (jj ' . ' S -l Sj i (Jj-a^J V <jl J ^ Lm ail jjSjjll jjc I jiiuia ^JJ jlixk^l 

.JjJI (j^Ja 

^M-> J ' . 1 

t 

.Ajjj^II jinjj (Jix-a I— iuia.1 (I) 
.3.dl7 (J*^ Mill ^2 A JJJ <L« jJalail :JaJai-a]l (l_l) 

Jjkj .2 
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I 
I 



« 181 i 



jnLL 100 JS^Jj 0.1 ^jUi 




( jijC.Lj ^ JjJi tj-a JJaLL-o 180 



: CjUja j3 (I) 
. Jcliii V jJ jjjVI • 

•g ciriin imL Jain ml :dil.ia. jj^jll j oljjilaJI (cij) 

aJj£ L-lLma. 1 lj£ aj CjjjjC-LuJI (J^Li. (J_aJI J (jjljjjVI jj^JJ A aji jj-a : jjJjjjVI (til) 

: 1 1 ill t J tjJ 



^urine.inulin ^ urine, inulin^ urine 



^0.08 ginulin^ 
mL urine 



(180 mL urine)=14.4 g 



l—lLul^ .3 

aJj£3I Ajjl jx AJjlx^] Aj^jaJI A Lb all JLaxiuil Uj£ aJ 4(jx^]| (jx 0.I0 J!>Li. A^. 
aJjj]| <^ia. I— iia. lift aj t(Jc.lijj V (jJjiiyi (j! li^aljial Jc. i-Ujj .3 — 3.3 

JJ I jla, .9-3.3 JitiajV ajj^JI aLUJI Jt tUui < l iDl^YI J 

: jUill j> 10-6.3 aLUJI 
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X m u _ E m ;,» =m b 



ill ill — | | 

''blood in, inulin urine, inulin blood out, inulin 



J] Jjl jll ^Jl a^a H^'l oUax-oll jjJjjjVI Jj£lj5 Jl «J > ill I "< <Lj 111 .^11 

/j? — ill — (2 1/ — m =0 

blood in, inulin urine, inulin blood out, inulin blood in urine, inulin 



0. 1 g inulin 



^ bl o Odl „-14.4g = 0 



100 mL blood 

V bloodm =14400 mL 
^La^j -Cyjfi S-i^j jii^a]! a jA GFR ajjj^II ^iuiJj tJ^*-* • 



GFR 



14400 mL' 
hr 



lhr 



60 min 



= 120 



mL 



min 



A a *»V 



120 ' 4 ^- u'jjj (j!l*-<i (jj^J (jl £3 JJJ lilj 'At A \\\ J 'jjJ 1.2 (_£jLuij 

lairs. ^Jl jLij J (jjllaJ ^ill J jJI J jjV £jlali 
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jjjjll Jjjs qa jI ja jl jsl jjjjKll jfLoj :aJ2l L»J^j l>* ^1 Jai»Ja .2 

I frUS J (j^ j tAjj^JI ajc. jVI jj;; i jl l n jj jpUJ js^j Jill (rennin) 

SjjLj^ill ajcjVi j cW »^ -(angiotensin II) II jj^jjiiVl 

. j-ojll U -0 *^3J' 1-J.la £jo1jJJ jl J ■ <3JJ 

"JjJI IfrLa j ( - 1 aa j| ■ j\"ul£ll ^'-f *' cjUjLaaSJ) j i_£l£iuiV) C&tuai ^*aj .3 

.Ig-ia - i aa 11 jj-ajlij] AjjIa«JI LlAal i^-i^I j jjall*Jlj jjjjjLjjSill j 
£ j2 Jc iliJ 1«j JilSSatfl J CdjjjVl C > jM ^jVmn :UjiLiI! ^ ^ULlj^ll aJaS .4 

.CjU jjiill J Igj^U^aij "I jlxj ^^jll cLall <J-a^ J CjLj jjS/I jjSIjj jijj J >J aa uall alsJa 
' - 1 aa jl J AjjLJI CjLi5j-a]l j jJJJjll £-« jaUiailLj . ■ ..Vfl — ^ . U t l jjljjll 'J^'" -5 
.jjjj .AjjLuJI dlLji j^JI j (j^ajA^JI ^ jJa J .<->'iB j pfj 4 . >\ j^aJI (Jxlt j^"','^^ jajjJai 
jlfraJI I^Aj < A i «a j aa. II (J-alc (jlaiaj jl jja.jj.jjgJ! dlljjjV ' JJG- j^J"^ 

Clllj jj jtiiKll (Jajj t V.35 jj-J La 4jJa j"^ II (Jxlc. (j ''I lij .(_£ j£j^]l ^gli aatll 

.^jJjjVl jljiVI JJC- (JjJI Jl A^ajUll jja.jj.jjgj 
jj^aLai.VI jj^jliJI S^JJ lA^' It'll «* tAj£ll jljC- Jc. : J jixll jjij (Jjxiii .6 

.oAaII (Jjjia al J i Jl ^uiaJI (jiajajj I aija Aajj-oVI 

i 

jjjjjjjjjjjYI i*J ^Ij^l *^ -^J 2 J- 5 *- 9 <^ aiaail Jc SjcLulJI .7 

jjt i_i jjla J Aj-aU. n.\ j^JI jrljjV aj^aVI (erythropoietin) 

3JUa ■t 'jm Jj eU aJj^-o j (jj-o^-yj ijl 'ij^^ l jJL^j .(jl-uKJI '(!) .)•> "i^V l 

al laatil (jjfij ^iaj 

(j^ajj 1 ;t i ^^Jl (jjl jjll Jt )al °^ II ^- ; ■ aj <±uil uiVl (jjliKll ' ajl la j (_£AaJ J LaaJj LaAic. 
jj i aSlI Ja iaiuiJI L_ll^jlVI (j^i ' '^'■^■j (jl (_Jjl£i]l jj - aSll (j^ojj I ag-jS jjj aS (Jj-aaj jl 
jj.^ll Jj jl j£aJ ^iLjjill JJ jjII ^Ujjl jl t!l]j Jj i-iU^aJ .eUaJl J^-all ^ jKll 

^lli jc. ^Jjj J 'jLiJ^I J^J^' j' Jj LS^Jl 3 B JJ^ LSj^ 1 J JJ^aali j^J 'lSj^' 
aSlij Jj «JJ-iJ L5 J A! ' J^i>^' J^J^' ^lijjl (^jl^ll JJJ-akll L^JS aSlij Ajjj-o OJjJ 

JUJI ikuJI jV jiljKll ^lijj Jj 

I ejjj i all Ajj^^II AjCjVI f-^' jfijJ j><a 

J . j^ij-a jK jjj-a3j jLa> (^jl^ JJ L a3 ' j/''" J AlAuill ^ jj£ill jjj aall ' ' l y' L ^''' , j^-«J 
t ^ulall (Jxxll Jj I a$J 1 j£ jl5L«j ^-o ioLsj cU*il jc jtjjKll L_a5 jjj jLaJI t_g jKll jjj <aS3l 
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I . iN'a"., iiNfl dilali-aj (Jjl_ajaJI (JjAjj^I jA jjj^aall (j,a ^ _jj]l Ij^J (j^ajC. ^aAlj •^^-j 

fAsuJ j ((jiaJI J jL^\ JjLu 2r^) (edema) «ULouJVI J] <illi <_s->jja iCilIi]jj$£]l j 

(jl (!ilfLa '(jJ^ jj-ligJIj aj^tj^jJI dlLjjjl^ ■* lut a dlLjjjV Jlj«JI j^J-^ (j^^J • J^>^l J^J-^ 

(hyperkalemia) (Oil J * j^tj _»JI .Lja Jl» CjVU. l-i^j .iaiS j jl jj JMlkl Jl ^jsjj 
SjjAjill tiiVUil o^aj i(>a j*SI gJl«j lijj .(metabolic acidosis) ^^ial^VI (j^Lakil j 

(j-aj*]! (_£jKll JJJL-aSlI jjLall cAjjlLalLlj .LajJ 14 — 8 (_£>Li (j^aJj^JI Clj^i (_£^jJ 

(j^ajj . dlLi jjiil] ^ jjiall j j- aall ' _ (jjiil£]| ' ajl k> j] (jji j^i-.M ^^jsj j ill i ■ aJI j 

f * * * 

(jl 'La Aa. J] ^ La.jla (JjIjjjJIj ClljJ JJ^ll C-^ 3 tS^* t -^ ax ^ Ajijlall Cllijjiil] 

Jia. 4 i ajVlj aJI J a£l jjj LaSLa I a j ui jp ^ijjp V Jill dllflla allj .Ajjj^II ^ijuijj (Jix^i 

(ji^jj <("^l J ^J 3, J*^j) (uremia) cs- 4 "" cs* J '^L^ cA^jl^ 

.OjJI Jl Ajl^-ill ^ ^j^j (jl 

renal tubular acidosis ) ^jKll ^j^Vl oblAll ja ^jKII jj^l ^1 jjl ->J jl 

(j^aL^alal ojltj jl (jj^j j.llgJI Cllj jjl (j^i J^J La ^ jia J (jljjKll Jjiij Aj3j i(RTA 
A_a.j Jc j tdljjjVI (JiJ Jc. oj^ill 1 ■ aJ (CjK3l ^jjjj^l (jiiLakll ' a ■ all . ClLjjj j^jJI 
(_£jjj3 t^La^jll (_J^a_a jl (_J L_l_jJjjS/l ^)Jt CLlllj _aJj£jJlj (jj^jj-llgjl dlljjjl Qja y II 

JjJI 4 (_Uilc. JAiij Jij (j-aj (pH<7.41) ja^ll AjJa j^i. (_Uilc ^j'-^l j| lilli 

j x^az». '^xj .VI ^ Jl ^ jjllj J £ jill jKll ^jiij^l (_pal akll (j-a ^1 jjl 4-aJ .[1] 

«aa-l (jl (j^aj (_gil! CjLjjjiill jl^-?.l (j-a Lijj (jl (j^-aj jl iA^ljj ^IjjVI "'Ms 
(_J ill ^»JI J j» J;1jjAj _jJI i_$J"uha (_paliijLl JAaJJj t^.^VI (—IjJjjVI J JjVl p>JI 
■Aiiaj-a^. (_Ljlt A-aj3 (j'nj-^i U V tg^_jjil IjlA J . (jjllKll J ^ (jjSj Jl (^^JJ (jl (j^-«J 

CLlU jJaj^aVI (j^i A£. j-az>-a Jl (_J jaj jAj 'J^Vl l^JjJjiVl J II ^_aoll J^_>!j -5.5 (jt JjJI 
jl (j^-ajj .(frUCtOSe) jjJ^ljill qa qL^"^ j ^J^l »^*ll J^LAaj J (jj-alllill jjC Ljia 

(jjKjLuil jjjII j (acetazolamide) ^faV jjl'iunVl (^-a 4 n» a jjalixl LujL> U^ajc Saj 

J VI p_^l JJj^J -7 Ja 5.5 (j^i AjS (J _aJI AjJa (J^ilt ' ajlajj j .AjJUti Aj^lilall 

jjiii (_£ill (aldosterone) (jjjl^jJVI uj-^ja ^ jl^a (j^lLkjl (jc. ^_»JI Ija Lijj .J_&JI 

jj^ajj L-ll ^JajJal iji-a) AjJa (J£Ui-a Jl (_J^jJ (jl (j^ajj tj_ji£llj ^j±J&jA\j ajj ^j' aJI CllLijjl 
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(_£ jKll «. jj (j£^J COjfLlJI J^l J JC Ijj j .(l_Jill 

4 . (_LAc (j^aliiil Jl (_S^jJ (_5 <— ll JajJal jA (_£ jl^ll ^jjjjjjVl '—I ak It : AjLutA 

3LJL-1I ,1a J .(pH<7.41) 

J 2_^3 j-a^. (Jalc. J] (_£JjJ I^A J t^jj-aSVl 4-1 JJjjSfl J (jJi.jjAj^JI Cjli ji j! jSl Jc. oj^Loll 

.Sir. 5.5 Je jjjj J jJI 
i> (NH 4 C1) j»jjjj-Vl jjjjIS t>a auill JjLjjj t (acid load) A^aj^l Ja ja jLuaJ J 

jKll t^jjixi^] j'— 1 aaJI (j^i I ^ jjlb SjL-aVI ' Lu&l jl±ii.YI I^A - laJluLlJ (JJjIa 
A i^i j«^> (J-alc A ajl j'--''' "j lA ■ ajl »N (jia. jjjjgjl dllj jjl t (jjjjxjilajl (jjliKll aa uJI J 

qa I £ j^Li L-iL^tll (j-ai^JI J L»i .^^CilcLu: 6-3 J^J 5.2 jjJ La JjJI 

.lg mil oXall (iLul 6 JJ^I (-1>^I J AjJajAaJI (Jalt ^jIjjS i^jKll ^jJjiV! (j^aLa^JI 

gjtij laJ .(_£_al£]l ^^ailjVl (j^aLaaJlj <L^a Clllj jc\ i^ya La ^* 1 **' sAlJai (jl (j^ajjal 

(jl (ji>l JJ3L) . J 4 i^i ja-^ (J-alxl 8.5 J ' LjJ J AjJa jxta. (JJjlJ 7.0 J^uu 4-aj3 jl V I 

Ig-s-il (Jj^t ^ >-<a J^a. (_Lil& j'^''; j» jjjjxiVI AjjjK jl^La jA La (Ajxjjia 1 j ajl la j 

(J-alc (jiiliijl (jj^ Ajllall J j^ljS (jll jAl^JI dLijjl ClV J-a J^C. jA Laj ?5.2 Jia. 

.5.6xl0" 10 M 

M-> J ' . 1 

tS^a- 8.5 t> JjJI A^ajAa. Jalt A-aj3 L >atoJ ^J^UI NH 4 C1— II J^S- t.u.i^l (!) 

AjatJjJa AjjKII AijUa j (j^ai^i 5.2 
.4 .Cj7 .all J aAlo A^i jJalaJI :Jalaawall 

JJ^ -2 
: CiLu^a ja (I) 

^jJjjVI (j^aLa^JI ^ I £ jiU J V ^1) sf jj| ^ J AjjKll t-Sjlia jll • 
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. cr j NH4 j\ Lk ^j-Vi ^jji^ ^ • 

(JjJI 4_>_ia_a^a. (J^ilt JJatJ l^x-o J - aa-lj I H + (JJ^ dlljjJi ojlj j J - aa^J • 

(j^i CjjIj ^0 I^jjjLxo \r<\-\ La^jtxa J NH 3 SI J H + !l JJ^JJ lj^*J ^-^^ • 

.^j-Vl jj£ Jjlu fclSJ ^ NH 3 j NH^ ^ V • 




, JajJ kka-a :4-tll7 J&ydl 



.ja jJI ^ IjjJ 1.5 J 1 (jJJ La (J_jJI UJ^ (J- 1 *-" L? lAjiLjat CjLjLjJ 

•hr j mg (Jxatluil iCiIas. jj-«jS! j oljjxioll (d) 

:L»a jUjl jU .4<i*U ^lii (^) 
NH 4 C1D NH^+Cr 
NH^ □ NH 3 +H + 

L-iLuia. .3 

Cjlj jjI J^C. L-lLiiaJ 4 _ 3.3 <Jj-a]l j-all <taU_a] 4jJf?JI <aJl JLoaid 
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I j 

;4 — 9.5 "Ltabt-all a ^ Imj C(jJ2. jj ij j jl CllLj jjl jj^JJ j Aj^a j^aJl (_Ulc. (jjj iaJ^}!! J 

pH = -log[H + ] 

l_)Iajj .AjIaxJI J _ai.J (JjS a^&\ Ajjjj jjl J] iiKjjj * jjj j-aV JjJjlS (jl (j^ajpii 

lil^luiVlj jail ' (j^) cAjllLa]! J 3 ia ui j| jjjj ^Jc. 

is -11a all oXall (j^u-ia (Jj£ V Sl^oJI (jl lUal jj3l I jiaj j .3i jl j-a]l aJjIsl^i (j^ 



/; = n sys =n sys -n sys 

in,H + acc,H + H+,f V,0 



clAj jjl JJ^JJ c_A-ui=>. ^ ij£ aj c(8.5) J sllax^JI Aj] jVI pH '^-oJS (JLucLjjLj 

:<j\j-oll A-ojiaia (jj^jjJU^JI 
( pH )bladder = _ log[H+] b ladder 

/ j-,-, bladder 

[H+] bladder = 1() -(pH) 0 = jg-gj = 3 16xl() -9 jy[ 
JlgjjVI t-ijlall (jja-jj-ll^JI Cll\j_ajl JJ^JJ (jl I j uiflj Aijjialljj 

jaj salJI JjJI (jj£ l&" lSj^j • 6.298x10^ M^jL^ (pH=5.2) 

£Jj! IfrijlfLa J f^j^! L5^' Jj^' jljLs (_5jLatl lilj 4j*j;J! J IjlJ 1.25 



r 1.25L^ 



v 24hr y 



(4hr)=0.208L 



v da y ^ 

:4jl!Lall jj^. jj^Jl Cilj jjV JjVl jl^LJI ijji^ <i« j 



bladder rTj +1 bladder tt 

H\<) _l J 0 ' ~ 



-9 



(0.208 L) = 6.58x10"' mol 



3.16x10" 

Jl^jjVI <— ijlall J (jii.jjJj^JI dlLjjjl JJ^JJ (_5jLuy tlilli j'j^- cs^J 

J^i* J jkill (j^ lil .1.31xl0" 6 mol 

:5.2 Jj 8.5 (j-a JjJI Aj-iaj^a. (J-alc 
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bladder bladder bladder 

n acc,H + _n H+,f ~ H H + ,0 



=1.31xl0" 6 mol -6.58x10"' mol = 1.31xl(T 6 mol 
LoUj (iliajj NH4— II (jj ipjp j-VI -iJjj^ JjU Jj3 NH 3 fJ& U^ajlal 
Jj- JS Jjli- NH 3 (> Ja-I j J j- cs 1 ) 1:1 NH 3 j H + <J] 

jsj H + _!l JjL. JjJI ^ NH 3 _1I Jji. ^jUy J lil .(H + <> 

a.31xl0" 6 mol 



bladder bladder 

n acc,NH 3 _n acc , H + 

■4-6 



i bladder 

' acc.NH, 



1.31x10"" mol 



:6.298xlO" 6 M 



0.208 L 

(pH=5.2 Aic.) H + j NH 3 II (_£jjSjj] ;jj*.'j'"' v "31 U/' *J*^ (J .utluilj 

: NH^_S ^JjJ jjS Jill « NH^_S JS&I ^ 
[H + ][NH 3 ] 



* = - 



[NHt] 



TH + irNH 1 (6.298xl0" 6 M)(6.298xl0" 6 M) 
[NH; ] = 1 JL 3J = ^ A „, ^ = 0.0708 M 



k a 5.6x10"' M 

• 5.2 <_ s i^. (J_UI Ajl^3_ja^ (J-alc (_paiiJ "Laj^iUI 



n 



. bladder 
NH+ 



:[NH + ]V = 



0.0708 



mol 



V 



(0.208 L)=0.0147 mol 



V t5-i=»*J a.ij.iill <1 jIjjj <i« djA JS jli til 4 US tilSijj NH 4 C1— II jl U-^Jial 

jl^Lo l_lLuia. (jS^iJ 4 ( ajjjj^Vl JjjjISJ ^^Jjj^JI (jjjll (Jl aatlmlj . NH4 II 

:<U jUj J L-ia-i <^ill aJjSJI 



m NH 4 C1 n NH 4 C1 ^ NH 4 C1 



X 



= (0.0147 mol) 
1000 mg" 



53.49- 



mol 



lg 



= 788mg 



5 rJ v,« .4 

(jr-i-N ui dlcLuj 4 J!)La. 5.2 (Jl 8.5 (j^ J_UI (J«lc (j^i^l :i_ilj^JI (I) 
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. AjjjK qa \ aljat.ll.La 788 (Jj^JJ (jl ' . 'T - .' 1 L'*.'. ^" ^LaC otiiK (J-axj 
^LaC (Jxxj (j aa uJI ^"'^J tijlll jjnilnti li.lja._a/JI ISa j ' (jSaJ^I (< ■ 

J^lc. (_>aaiJ (6800 mg f jjj >aVI jjjjIS (> 100 mg/kg Jl L*jfi= 
liJ jia t «jLuJI 0 iA J U .['^ItU 4 J^U 5.2 J] 8.5 <> a^j^II 

JaJj .^j-Vl ajjjK JjUa fcliJI J NH 3 _Jj NH4 — SI 
' Lull jA LftUjjaii. ^jjll <c.jaJI jj£I <Laj!iUI <c. jaJI (jjal aIoI^-aII 

. JjJI j ^ Jl J Aj3 jxll 

^jjaja (JxxJI AjLjllia o-Ajc SaJ ■ aJ V .la. Jl Lllljjjiillj (jjjjlall <Ula jjAJjj LaAie 

^jJaj ' . J jl 'Jail (Jj i nr. Jl ^^jJajall s-Vj* '"''•„' (jl ' ; laj '(j^j<i]l (_£jlall jj i aall 
^j-ajoii Alaj» Jl I jl.r^ j .19 - 3 jl j (jj°'' "*JJ t<j]£3t (Jljjlui'V jUaliVI <ajV Jc. ^jl ajj 
oiA Jl I jLo j jjill ^^jJajJI JAC. jl£ 1 1 978 fit J .(^jKll jj.^ll (jx 4jjl$jJI <la.j*II 
ajj CjIj^i (j^aa. JJxll lift > ac.1 ■ aJj 42000 eAalaJI CjLjV jll J AiajJI 

200000 

j^utll (J jiaj 1 1 j i ii a ^ u .-il AjjIjII 4_La]l*JI L_ljaJI Aau La Jjll (Jja. (jl jya ■ a .2001 ^lc- 

al lLall lljjjVI (j^i u "^"^ e^Ujll (jl VI t ^ > <i jaII till] jl JAc SjLij 1 mj (jl (jaAj 

4(fi jl£]| jj. ^»a\l (j^i <jjl ^ \\\ a1^ja]\ ' ■ Ujai (Jjl A*J (_ji3l (_g^) l Siiill (j^a^aJ (jjjl ua^ll A^xJ 
Jl <a.U. 4Ji dJIjLa <j| Vj '1978 ila CjLllajll ClnmaJ Jal .Ajl^JI jLj^jl Jl j^j^ll j 

L ^aj A \ Ail£j]l j (jLaVI (j^ Ajjl jlall <llxill Ajlc^)!! jj3 jjl oJjAa. '"'I jj^-aj j (Jjjl Ja 

. (_5jK]l Jjj^aall 

^^jJaj^J AjKII ^jj ^jj LSj^ ^ ^^C- V (jJ^JI > . 'Vl^l (j^J^ j'j^" CS^ £ "J 

t |jUHj| pL-a&Vl ^jj CllAat Jial jA AjKII ^jj jl .JJa.Vl iXall sj#=-Vl AiajJI 

aJSB (jV ^ 

J . JISJI J^illj ^l^jj V (jjaJiall (jjc. jnall JAC. (j£] j '(jjliKll (Jaaj a jSj (jl (j^-aj sia.1 jll 

50000 (> J& s^lall CjLjV jll J jLtoVI 2La2la J ^U.nJ ^ '2002 f lt ^ 

1 laJI (jja ui^a]l (j^i AaaII J 25 A unil AjLaC. s-l^a-V AjJajoi _jll jUaljVI s^a j i^_yaijA 

(_5 jKll jj. aall AaJU^l ^jLill JjaJI j .[3] Lajj 314j 107 La l^JI Aa.U. ^iL 

A ■ iajl ill (JjIjjoJIj . U.all (j^ 4 ■ also <ll JJC Ljj3 ^Jl JJ^J AjLaC ^yo j t^^Kll (J i nr. jA 
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oAj^C. (Jjjl^la Aaj j .a^J LaAlLa Ajl£II ^ j i aj jl Jl jl a^jLii. (Jlj^ 3 jjj^ Ajlc. Xalixjj 

.».lll (J j i nr. jA Ic- jji* Iajj£Ij t^cl li all (Junirl 

t_ijUaj Igjlc a jij ^jll AjjU-sj^II [^jliaJI a *^ <U jLa-a i, all ^K\l jj , nr. /j , aJJ 

J jjj j£ j^i jj£ jill ^ J-iJj Ajikall La JJJ*J • Jl-LaJ^ll i_Jj£jj]I Jc. Jaliii] AjKII 

Ajatjfkll AjKll qa JS J AjKll JjiuiC. aJI jA j tojljiill I Luaj Aj.nr.VI JJC (Jxlijll 
<_«UVl <iLic. All ,Jk VLmlul .oil Jjjoit <Jj/l J&i ta^altll CjLsYjII <j j .Aj&Iu^I j 
La (_Li^j Ajjl j la i al AjjLa. j« tA-j&l i* all Ajl^ll ( _ s -ajaiJ Jill t A > ajj ^)ll aJVI oAa. j jj£jjj . s.li_j^JI 
' L aj AjjjlLjji 4 u iifcl j* Ac jl^aJI Aj jl jlall *UjaJ t-jU]Vl j« 20000 — 10000 j£ 
Jill AWI J] ^?JI t> CjX-ailL. JlaJI ^\ cjjjyaill cLulj .(5.^7 JLill) eijij 



s.la LiC_jAlJ dll^a (J' a^j jl jjjoixll jl Jl l^jiajj - 1 II JJ aj AAJaju 

Lti.1^)^. AjjLi_)jai AjJjjj oLiii (_paj^all JcLai J lIi-I^j c'ij^i j£ dllc-Lm 5 — 3 



^1 Ji-ia 




<_iLll cjli AjuLi aJI ajL :5.^7 l£"JI 

' j L a*all ■ J^ll (Jjjaiil elijA. 

National Kidney and Urologic 
Diseases Information 
Clearinghouse, "Treatment methods 
for kidney failure: Hemodialysis," 
National Institute of Diabetes and 
Digestive and Kidney Diseases, 
National Institutes of Health. 
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Kidney Dialysis Foundation, 
"Dialysis: Related Care." 



sA* Lie. j iml dllj^ Ciilj J-^j (jl ' ■ laj (Jj i nit II (jl Jl IjJajj - ■ ua II Jl eliu ^aJ 

<laLiaj lilljj cLia.l^)a. AjjLi^)jai AjJjjj oLiS (j^aj^all .jeLui ^J '"' jaj to jy& (JS ClllcLui 5 — 3 

(j^i JjjjII ^iuijj Jl (jLj^)^! (j-o ^j^uJI ja^ll (jj^jj l^Jj •(()•<— *1 »*^l) L*«o (jLj^)jij -ijjj 

^- ■ «aJ j»j . (J,; i ill Aijjll <J jjSLall o^VI (JLi.jl (J*a. Jl AiLjaj 4s*L4£ <Jcl ^.lll Jj i nfc <Ja.l 
^jjj t6^)a a SI ^jij . (j^aJ J-all -^JJJ Jj ^Lxj L^iaj ts-L^jaJI t_aLJVI s-Uic. o_)aji. ^^\\ 
jj£ jiill j "UjJI (JjjS (jxi) (JjjaJI (j jjll .jjjii (jaaj j 1 -^' (JjIjjoi] oi jiill t L^aj 4 u nr. VI 

,Jll LpLkllj CiLiijj jJLi Jiajaa j ti_ ujLiVI jlj^a. jf. jjjaILi (CI Slj Na + SI oLs jjj 

(Jjuiirll (JjLui ,j l_jL]VI (jjilaij tClLujaJI oIa (Jilijl j»_pLII j^J-^ £J"^ 

jl Ljjjlij jj^Ijj i— il j ^ajaajoLa JjI jjoi <Jc. <c jlaj ^JiJI «.La3l Jjla-o jA j <(dialysate) 

.7.8 j 7 (JJJ La Aj3 4 . >i jxaJI (J-alc (fi jLuyj ta-J! (J Ljj3 t_J jC-^jaSI ju£Ijj]I (jc. ^Lala (Jij 
jj aoll IjlA ^jjj . (Jj i n'sl t'i .a (jjALajLi tlijaJI i_aLJVI <J j».lll j J unit II (JjLui (_£jva_sj 

(Jl jj C^ijjJall a ^ Jj AJC.1 all AjKSI Jj j»-ill (j-o (JLiijVI j-axJI A) ' »*'<iSI (jjjLiill 

ialiail j .(2.^7 Jj^aJI) (JojoiiJI JjLui Jl L_lAij] j»Jlll ,j-<i LjJS t-JjC. jJI JJC. 2jJajL4ll jl j-a]l 
LjjLul« (JjihtSI (JjLui ^ Ia jj^jJ (jj^J 4j»^iS 4 «g «SI (j'— LaSI (Jj^^aJI (jj_jll tlllj ^l_ojVI (Jc. 
(JojoixJI (JjLuij j»Jlll (jSJj (Jix-a ^ajjj -(jjljJ 5JLa. ^ jj!iljLuJI (jj^J lil j 4^1 ^J 1* jj^jjl 
' ajjaHS (Ju ii it II (JjLui IjjjI 120 Jl SjIc. A^.la. A-aJ .(jjjliill (jjj Cjlala all (JaLu (JixAJ 
LaLaJ Aj^JjuijJ (j^-aJ V L$^SI 'LiAj-^O^' iSj'" ci 1 -^ LaAjt Liliii j>^ll _J.'*'»JJ .As.lj (j^aJj-a 

.1 mg/dL Jj t^ukSI ajKIL, ^Ja 
.*j»jJI J;iui! jjLu. JjLui ljjS jj :2.cj7 Jj-i^l 
(meq/L) JjSj23l <&Ufl ojdi (g/L) JoSjill <^S-3I 



753 



132 Na + 5.8 NaCl 

2.0 K + 4.5 NaHC0 3 

105 CI - 0.15 KC1 
33 HCOJ 0.18 CaCl 2 
2.5 Ca 2+ 0.15 MgCl 2 
1.5 Mg^ 2X) C 6 H 12 Q 6 

Cooney DO, Biomedical Engineering Principles: An : 

Introduction to Fluid, Heat, and Mass Transport Processes, New York, 
Marcel Dekker, 1976. 

J^uiC f Lui 4a.ua.ail J^C 3-^7 JliaJl 

3j<K-uyi a^jILJI i-ijjau 20 J/min UJ^lo ^1 <^ :4Jtui« 

£ AJVI (^ij (jiaJJ-oll ^\ tdjj^il SjkjJa-all <]i]J jl L_LaJ JxaJI jl^La jA La .l_njljVl 

• 300 mL/min <i! jjc ^Jl jjai Jox* ^ jLjjj .(J^jjJI j&Lj ^ J\2j^ja aijjIIj 

| « JOf* • 1 

(_paJ^a]l ^ i (j-o ^Jl i-*Uj-**1 4 , U^l aJIjj jjl I— (Jxxll jl^Lo I— (I) 

.J.ClJ Mill ^ 4jlu> <-« jJaiall liaki-oll 

: CLlUja j3 (I) 

.AJVI ^ 1 g » Lib ^ill AiLu-all j^.^i <Lig-<s J ^iollll jijaUall ClI jjju • 

.ojiLjm <ULa. ^ AjLaxJI • 
. jUaiiVl Ajjl 1 11*1 a ' ■ Lul 'I LagJ AaJj ^^>^ J (Ji.J A-o jialall ^ 'LaJ • 

,4K'USfl jjc. Ain^ jJalall "JiUall ^Luia jl i_boi£ ,1a. jj V • 

.1.056 g/mL ^jl^ J..IS1I ? J Ail^ • 
.2 mmHg lsjLjj (jiSJ! ^jjjjII k i- Jal l • 

.100 mmHg ij J^i (jhjiS^ JaiJall • 
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.aJVI jUj^l jjc- ani->lt (j* ^jUJI ^oSI :A • 
.JjjjII jjc ^aJl Jl aJVI (jjt (rj^> ^ :V • 
.mmHg iinL 




m blood — Pblood^blood — 



f 1.056g^ 


pOOmL^j 


I mL J 


v min j 



= 316.8- 



min 



i— iLui^ .3 

4^jll (JjajiC. <UI 3 4. 1 4iiij j! 1 -la-1 <_£iSI J-a*JI jl^Lo ^ liaLajAl j-Sjli Idj^-llx-aSI (I) 
: 8~1 1.6 3j<J'K^M AiUall <jj| j-a 5JjL«-a JLaxU UiLoj liS j 



^( g / ?( .- g / J .) + m(|vf-|v;) + ^.-P.) + XW shaft -X/'=0 



,aJ ^1 <Sjllx-aSI LaAlia. ^ajj liS c^la^ 2-£j^JI j 4_Lal£ll jjjaUaSI ClI jjxj 



_ OT blood 



Pb 



(^A ^ > v) + ^^pump ^ /tubing - ^ 



lood 
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/ ■/ pump / J 



m, 



tubing 



P bl 



(Pa-Pv) 



dood 



y ^ = 2 o- — 

/ j pump 



316.8 



mm 



min 



f 



1.056 



g 



V 



(100mmHg-2mmHg) 



cm j 

f 



x 



101325 



J ^ 



m 



Yw nnm =16 

/ * pump 



760 mmHg 
J 



lm 



100 cm 



mm 



3 ~~ .4 

qa j>^3l Jail <aj5^3l V 16 ojl^i« Xac. Jip jl AjLu^JI Jc. i_iao :<_iljaJI (I) 

3JI) 4 ^jU'i^l k» i a (jjj (jl ^jJaljll ^j-a ' (jjaall ■ ') 

bSl ° a <LaJ t(_j^i.l Aj^.U qa .Ig-J) > »l ■ '— * 3jjUa IjlA ail i all Ja_aJ& (J-"riJ '( (Jj»n»M 
t iL-a (_LiC. Jl A^.La. lilj < kj i all Ja jjA ' * si i all lillj ,j-a ^>j£l iill£laJ 

3 ^jU'i^U (JijJ J}3.1La JJC. 

3jj\^j]| ^'U j. J jl£ll jj- aiill 3 a jl » a JJ QjaJjaj (jjill ^ i^-ij^II J^c J' aj i_j jjoi 
La l^jiJlj t_jL-a-a JJC. 945 000 J <_£j£aJIj l—lL-a* (_>aJJ^ (jjAa 1.3 2030 fit 

3ja ■ all AjIc.^11 AjjA (jjlijj ^IjjJ -[2] a laJlall CjLjVjll J (j^aJJ-a (jjAa 2.2 <C j-a^-a (_£jLuij 
liAj tUpjjljia (> (j7>> jlAa 22.8) 4iall <J 6.4 cSjKil J_^-aall <^aj- J& (JLaJ 
(j aajll ■ ■ UjlbJ ^tLa ^^Ift J - ail jA ^.ill (JiuiC. (jl ^cja ■ a .Ajjj J£ jLpjYI J ^> .ai^a jJLall 

^ LI i ai ^^ic. ^ j^-'jj 3il£j]| ^!ilc. <jl VJ t^^KH ; jjc jjlall j^c. jLiJI 

(_jJajaa»JJ Aja-i iajll jjjJ <1VI s-l-il Qimaull (j^i Ajj-a Jl (J jx*ajW I ^l^a.l_^o ^ CS^" 

:LL-aall tillj Jaj ii\<',\\ 
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1 ■ '— j 4_ajj I lia 1 ajtoJ I » ajtoJ ' . J {s^J^ (j- 4 AJLaxiail jlxj <UVI dllj 

(J-al jxJI j ^aijljaJ! (Jja>J (JLala.1 (j-o -ijjj Lo li&J <■ Jij^ 2 U , ,.l jj .llaJI ^jjc. J j£j a jia. 

. ( i 1 117. 11 Jl Aj^ajx-oll 

.-<.... s . t 

i 

k» ■ a ^^Jc la! to SI ^-0 j>^3l 1 LllaHl Ifrjl jaJI j (J unit 11 (JjLui (jjajj 
pLuife *U mj Sajoi jgxll ^^JjjaJI jjjll tljli j» Jamil JJJU V Jail\ j^**' a « ^uijJ .5 

SJ| 1 ^ ^ ji ^JjW (JjI^jJIj CjUjxi^JI qa jy^ jc. (j^ajjxjll ' ■ La-j iCjU^S^JI (jijJJU .6 

jia. jjjxj tjllall Jj^i (^Ic. .(aldosterone) JjjSa^jM^ oUj^JI lilij tJjj^iJI 
Ji a^jjju ioij Jj^JI (jjjjlfe j-oj^JI j tU«j^3 (erythropoietin) j^jjjjijjjyij (j^jJI 

jx ^iaj ji ' . la-ij tLiaj Ji.otJI (JjLui j jfL ji 1 ij^mft JjUjj <UL a aLLuiV pLoJ Ajljj .7 
^1 l^lj'jl* U cLojxc JL^VI S^ltV Alii Jj-iJI 2J :j»j3juil j ££L±al\ £y» Qalautt .8 

• A I^JLaxILuj! * "sc i uaj 

j (jiij^)]! j ' ■ llflll j (jtlil£]l l^-La j I - i aa II -1 ■ a&] jj ■ aS3 jIaII jl un'iVI I^A j] 

LjjSjx-a ^LjJjl J-«J .o^^all (jjJjJaJI (jjjji^j^-all dll^)±i.j jaLajAl L-l] laJJ tlAjjfej jSjjll j 

^jll Ja ja i all sAiia. dlUlij jISjjI ^3 ^I^jjji'VI 1 jjls tllaLoia.1 -I ■ aC.1 (3^1 jJaJ 

.LjjLatl SJUalj UjLra. 
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AalSJl UJflj -I f. jaJI 

jA La .LjjI^^J t " ll J i\ l aJ <jlc 4 l ujJjll Lj a jt a a j IgiiJXa j 1 UUa. ^ ^xuijl ^ 1 .CSJ 

Jc, iiUaJl J Ljia (JS 4_LaAl (jiSb j cAjKII 4 a L_ajUa j (JiiAa. j£jl 1..d] 

(jjjLiill s-Lul i nla-y-^l pj^] eLa]| (j-a ^Ll" 4 ^ /jj...al jj ■ '—I j jti i j U,p,„j ^ti]J 3 • <-l7 

<C.^joij ^LolLl 1 •iJjJJ (jL>Lia_l (jJjoi3ljl« (jjjI^C (jl (j^ajaal a ^7- all AjjJaLj^ll 

(jl VI tjjjj-alill A*J S^jLl dlLljJ a Sjlc (jjiLill t_J ■ '— 3J .(jj&^a (jjjIjLa] La^JLa£l 2su 
c'i^x-a]l Jl eLajl (J ji. J (Jia-a (jJalia j| Jl LOj -0 l3.' ' """V *(_5J-°^ J"^"' SjjlJI CllLijjui^ll 

a I ^ (jLiC.^1 (jjjl.lx]l (jl (j^a^J 0 ! .c-l-a]L] a 1 -'-^ 11 J ^J^^ I^Aj 

4^.^p (_£ jLujj Aj^jI^)^ c-La L_J^)jJu ^i.VI J^J^JJ C-La l_j^)a!u LaA.1^1 ^J^J^J 

J^y aiLall *(_5j-a]l <ULa. (_£_ai*asJI i—J^ill oAa (je ^)J*J <]jl»_a ^^pJluil .<3_)ill ojl^a. 
JJC. «(_5j-a]l ' L aj j ( jj' ja^Lall JJC. e^^)^]! AJLi. J (_£ j' aS]| i—l^jJill o.la 

1 * . ..a'i (JjLuJ] 4 jJaa II 4c_)jai]l (jl (j^ajjal (jjj jaiLa]! s.(_£^all _>ia3 1 ° 1 ajj ' (j,' 1 aiLall 

<laJI J 10 J (Jil *(_JJ-a]l jJa5 I ti-aj (jl j t jji >i*i<i\l JJC-J (j J 1 « t^j^ll JiiLi- 

.La^jjJ (jjl^J (jli-iiill ja-^tj (JJj-iiill *A ^ J t_l^>ji]l J-^-o ' . ' ' ^ • ^ jLl *La 4-!^>Juj (jja. 
^ jl 24 L_l_>jaiJj c^jliJI J (J-aaJI (j^i (J^J^ 3 ^1 u.-i ^xj 4jjL\« (jj^. 4.Cj7 

laSj ( (jJOjiUll (jjJtLuJI (J!iLi. (—lljji u''.^**' M^jAiJ ^ j"'...^ C>° ^jl^)jai ClLitj iJ^Lj cs-LaJI 
<A ■ La Aijjiajj SJjjx^i Ajjl^i. 4ji.jJl (j^>A« jajj J .3-^7 (J J ^ II J QJ.' 1 " ^ 
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^IjiV ajjIj jja. jiicLa! . 0. 1 mL/(m 2 ■ min) <_&*-«j jja. (Jjjjuj 
.L-ijjillj J^Vl Jj5 I^jIc Jll <1UJI Jl (jj^. cjill JjLJI jl^La ^tia. 

f.1 _agJI Sjlji "^J^ J^j^ ' ' 4 <wn7» ,j C5^^ (JjLuJI jl^Lo (jl (_paljj3lj 

4j]La. Jl J jxA <^jiaj cJ^ll (JjLuill J^il 'T - ^ J "^j (j-aj (j!ix-<i J Aajjlajj 

(_paxj l^J^^ t^i^Axi .AillL-o (JjljJaJ J^ll J Ailik-oll Cllj j jjjj 5 . Ca] 

.Sjjj^JI 2 , „ H dlljliikV Ijjii-ia^j (j_aiaj.l; fAj <_J-iiil ^)^u ijuaajj J^ * tol i tiaJ a_J£-^l 

^^jjil . IjJU (_>ujl3 s-LaJI Lol j C(J_oj11 ojXo o jfrSfli : Aji£JI AijJa j J JJJ^I (j-° «V<^ j 

J Jj^a^j | jLo . AjKII Aiiii j jj-o £3 jJJ (jl 4 S jl a Jc. I iLa j J _ji]l jAa (J^iC 

?(J jj] jXo j uJI (JjIjjj (jja. (_g SI JLiajill j (_£ jlaJI (JJJjIuiaII 

dil^lutf (jAla :3-^7 JjJaJI 







4%WJI SjUJI 


100 


24 


p. La 


20 


j»l jc 0.5 




100 


dlL^aiji 8 




100 




1 JjJ_e3 



CjUj^^JI ^ j i "'I ui j JjLuJI j ^a]| jjjj i^Jtajjlj CjUj^^B JliiijYI jail 

f '" f * ■ * > - 

(jAjJaSj (jl ( ■ la-l -((»-JI ^ji cs^i) 2^-^ ^ J (^JJ^ 3-4 ^ jW^' j*^ 3 (J^-^) ^^jj ijjfc^ 

.ClLjj^all (j-o (jjC _jj]l lillijV 

JI1JI) GFR A^ill 

(_J jLojJ i " " Jl (J_jj-aj]l ^■^ ■'' J (jj_jjjyi (j^ Ajl (j^ajjSl .^l.Cll7 

(jii. L_a5 jj tajSlmdJI AJLaJI Jl J_jj-aj]l Aajj . ^Jl (j-o jaJjIlo 100 (J^ f'j^- 0.1 
(J^aJI J (jJjijVI JJ^JJ (J^^ tCjLjjC ii.1 CjIj^I j a Ja!ia (JLaxjjoiLjj .(jjjjj'yi 

jA ' " '1 'j» j| JJ^JJ j) cJ jJI J U^>yj^ ■ " 'I ia II JJ^JJ u ^"' j Jl AiLiJal iUjl 



759 



C(jjjeLui (_JjLjjJ tin J^la. j .^ijjx-a ClSj ia.jj < _ s j]I ' " 'I ij« 11 ^J-a^J ^ " _all j^J^ 

• 0.08 g/mL c5jL^J (jJjilYI JJ^JJ iaj^jla (J_aJI (j-o IjpjllLo 180 ,« «■> J 

o _^JuC. ^.lll ^ ^jj^/l (jjiljliVI (_£ jloba (j^aikii ^^Ja. <Laj!iUI oXall J.ia. (I) 

•^Vi 

^a-aJj (j-a3^ l*J^J Aij^a _aj (jj^ajj'yi ' " 'I be. jj^JJ ^ iaj a j ' a ■ aj <Ujl*-a ^j-^ ^Cj) 
.Ajjj_)jJa lA.laj ^^jI! (_J_)i.VI I J _aJI *?■ **■ J ^ .','ffil ^Ji'iiJJ (Jia-a j 

V^VI (jJ _ajjVl jj^jal LijLuia (jjljii^l ' " 'I ijC. jj^JP ,j ^" " J ~ ,' i -*,' ( C - J ) 
?^j^l j^J^ CS^" ^Jj^-"" 1 tjA>y)^ ' " ^ V""' j^J^ u " J ^ ,' ' "*,' (j-^"" (^) 

^ja. AjK p | jaj jja.j .^Lall Ja*ll J^U UuLi AjKII J.^r„„ t (^) 8-Cj7 

j'-"'' Ij ^^Ja. ( _ s jJakij ^^jll oAall J.ia. .^jjjjjKll ^li^-iSfl A .'.:;^H ■ » j3 (Jja-o 
OH (jj^ (-S-^j ClL-ajiJ (_paJj^i (_J.ll ojj£jJ j^ic. (___!] jaJI (jJjiiyi 

"ULaiall ClAjl uia j CLlliLu (J «t"u nl . L»_uia al"i ;K J-aJtj <aa ui3 A jj' aa all sXall j o-i-all oiA 

•7.C.7 



^jjiiit <L^i«J -II ja^t 

.AjKII ij-at 2 ;a ,< ^^lc (. j' '-II j^SL AjjlxaJ^I ClLjj^a]! <aJlaua (jl 
(j a ■ all (jjjiil] I UU-^ ^ j^jl ^3 Ajoijj^)]! Alc-Ull sia.j]| jmj 9-^7 

(j^aJ i.'ytjLa .dlia.j 1 0 — 6 ^^Ic jSj'^" y tlll^a._a3l oJJaAa 2 * jlii.i (jj^jiill ^Xaj 1 0- <-— 'V 

o^lc-j jl ^Aiijjll A jml mVI j| 4 ilia jj| J^a. .oia. j (j_aSj (jl (jLo jlj S^a^J 
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jl CjLajaJI (jiali j .(jj^jiill ^j^aAJ CjI^j (j^i oA^j JS t_J ■ ""-^ (jl! (^tJI . . (j-aLwaiaV I 

JS plSijl Jj dlJI .Jill <juujj]| (j-ajL-aiJI 

(jii (Jist-o L_iuia.lj tdl.ii.jll (jjj La AiaiLall CiljLul] \ uA ia 1 UUa. „ ^jl ll.di7 

^dj^La all j L_i&]l (j^i Ajiilaj tlsLLu J- 4 ^- J) ;T^"' ^) jLu 

liaJ ijjjaill jJUj jgjll ^Jl CjLjla (ja <xujjj 4^Laj£ ClLjla 10 — 8 jSil (lil) 12. 07 
jjx 4 4j jl j^i <LL«_a i_ij£l j c<UjJI j a jj Sj ■ .all j dsli jjjfLullj «.La]l (jl ImaJI J 

diLo _jix-a ^<^7> Jj I ■ <aj| La jLjII J Liia JS j^jj j *aj'L«j^W diljj^al! 

SijiaJ liljLLj ^aJfi .(IjjLo (jj^J (jl l_!_ajoiL». (Jl aiMmV (j^xiJj l "'^ all j ' ■ u£JI (j-a 

.^L,a (Jj-^ (J^u CS^ 1 " * J' a 
(ja dlLs J 12.d7 AJLoLall ^ j.^-ija 5jjLl<ij£1I OLj£aJI ( Lii <aJ (j^-aJ (Ja (lil) 13.07 
<_sl jaJI lj] lilli s-lj^j Ltt? ?<jjj^' JJt W-^J^ ■5aL»j| J& I^Lue! CjIjSjaII 

.LLJ 

4-2 t> (jjLa ^ijAj cjl^a.j 10 _ 6 Ujjc £JL1I ^jj^jll dil^-j ^la. (^) 14. c7 

f jiJa J Ajjli.1 La (Jlc j t Ifcjj (J. jll 4_ijai.AigJI a aj la j]|j oAa. j ' L^a j tdllii.j 

.13.1^7 Ail— II oUtmJ 
^ **& J l£> J*i "HI f >» 

4j-a j-oa. (Jalc (_paliijl Jl ^JljJ Ljl^ LI jS-iiJ-iI (_£jKll ^jJjjVI (j^aLa^JI JlxJ (jji) 1 5 • ^7 
JiaJJ (jijJI liA (j-a II ^jillj .JjJI jas. Jalc. ^yij Jlj (pH<7.41) ^1 

'ijjlx^JI jLii.1 2c\ ■ uJj .JjVI i-J JijjVl CjL CjLjjI (j al i aJ "I ojlc-l (j^aliijL 
dlL^oJj^jj ^ Lxj jKll ^^jiij^/l j ial aa II (j^i II ^_aill 1 Lui£ Jt dlLjj jSjjl] ^J"? a M 

Jl (NaHC0 3 ) II 

CIiLjjV <t j]L (J-at CjL jJJ^Jjll (J-axJ 'U/',"*,'. J uJI L\lK CijLl lij .4-aJl J 
(j^i II ^ _oji\j LL-a-a (jlS lij Lai .^»^]l <jJa_jA^ (J-aL-a jljjjj cAj^j^JI (jj^jjAl^JI 

j Lkji jL^ji diij jjj 4x._)iuJ ^>JI J CllL jjj^jJI laji jKll ^JjjjjVI j'-' I aa II 

dlL j;j^;^I jj^JJ j jiJI AjJa (Jxlt 
S^)juilxa aa SLJ (C ^^aiijVl '—I ak II j [jjJ^J (j^aljcl (j-a Aj^Ljo iililS-o (jl (_L%.Jj 
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Igil j cAjlij 0_>i)] 150 (_5jUjiJ (jlja. (jjj (jl (_pajaal .8.5 (_£jLjiJ (JjJI AjJaj^a. (J^lc. 

.fjJI IjlJ 1.5-1 ji*-aJ V _JJ £jl=J 

.Ajiila jll 4 J i k-i J^II <ijl_aa.j (_J jKll ^^ailjYI ;j '—I 11 1 ja II ^_ai]l (j^al JC-I JAa. (I) 
Lut-U^a £jJj-aJ (jlj^. ^ AjJaya^. (J-olc. ojLl^ ^j-^ f J-' ' ^ '"'^ ' J. J^...' J ^ (<-t>) 

(jlj ^jJjJjjVl (j^aLaaJI (j-a II ^ji^L? AjU^axi JJC. Lpl (j^aljaalj c(7.41) 

. JjJI jrj^j ^^j^l i> 0.014meq/min 

LuLJjJa ^jJj-aJ (jlj^. AjJajAS. (J^ilc. SjLl^ ^j-^ * J-' ' ^ '"'^ ' J. J*\" -11a. (dj) 

La ^3 La! j ^-JjiuVl ^LaaJI (j* II £ jilLj <jL-a-a Upt (j^aljjsLj t(7.41) 



0.48 meq/min 



u- 3 



.JjJI ^-a CiLjjjjliJI (> 0.48 meq/min ^j^ya t^jJSlI ^jjauVi 




.j (Jj i nit II (JjLjj ^.}JI 



i Ajj^I 4LU-all j t(8.Cj7 .till) jj';l<ti JjjouJ 3 , ajjx *j aaj (til) 16-^7 



C Bo =C Bi eX P 
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J* C m j 'u^jj^I <WI <> jrjUJI (^1 jLjj <ji jjiilijSlI Jh^JJ J* C Bo oj ^ 

JSj <J*lx* K j c<UV J] (_paJj^ll qa ^jbkll j>^ll jlii ^ji (jjjjjljjill JJ^JJ 
V fi j tAj&l L all AjKII ^ (JjsLjjII giajai uba ^^A A J c<Liclik^all AjKII JJC (jjjjjljjill 
.(j^ajj-all ^1 j AJ^/I J] (j^ajj-all (j^i ^aJlll ^rfi-^ll (jijjll (JSjt-o jA 

^aJ (jjjjjLijill jj^jjl j t (jjjjjlj j£ll 4 jj£ (jSJj (Jixxl ojjjtAa Ajjlj-o <ljlx^i 

Aic (J unit II (j^aj^all l^ii 4-a.jlill ^ ja j a ^ajjjlj ^j-ajl] <L aji (j^ajj-all 

Jail (jLaJ cUj£i Jj^i Clljjilall AiL^aJ . 1 0 mg /dL (J jLuJ ,J (jjiuljjill 

cV * ■ "7- It (_5-3 j»-JI -7-^ J it Uj ' "* M *Sn '^" <1 ""^Vl till jjilLall (j a 1 iaJJ (jl 

.J^ill Ail J\ 0- E jliJI ^ J C° CmkJ& JjVl 

j»^3l ^ji (jjjiiljj^ll jj^jj ci 1 -^ cr^' (-U^ J^*-^ jxlmj (iil) 17. 

?Ljl$j jjiijUjill J jjj ^ 1 j U ,** j^lou V liLxJ . lmg/dL 

2JjUcJI I L . JjmitII oJU cljjl (J Unit II JjLa ,J jjiuLjllI JJ^Jj ,j jJajl (lil) 18. 

:aJVI (^i J^iil JjLu: JA ? J t> SKv.^l jjjjjLjjill <1& aJUI 



(^Bi ^Di) (^Bo ^Do) 



In 



^ (C Bl -C Dl ) ^ 

V^Bo _ ^Do) 



Do-'y 



jA C Di J cJauulII <5I ^ j>^3l (j-a aJIjaII clW^^J^' Jix-o jA (j) L - 

^ (jjjjjljj^ll JJ^JJ jA C Dq J tjjjaixll <ll (Ji.UI J;LuUtJI (JjLul jLjJ ^ (jjjijljj^]! 

. (J unit II (JjLuJ V d ^^7. ^11 (3^Jj1I Jix-o ^jic (_J (jl (Jail (j^«J ojj£1a1I till jjilall 

C Do j C Bo tijljjij ^/'^ ^j^'j i 1 8 • <— >7 <3Luixll ^tij t5 lc IjLojc.1 (iil) 19. 

• V D j V B J jT niM I ^^iajjj^l Aa-ilj 

C Do j C Bo till jjxj 10 ^jjjIj ^jI d8.tii7 aJLjiaII ^tjtij ( _ s ic. IjLojc.1 ^iil) 20- 
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<Jj_aJ < _gjH L_yjljVl Jj 4 ( _PaJ j >/JI JftLui J jll SjjVI J (_>u^ JJJJ jl-l&t I Jm-sl 21. 

. Jj-a j\\ L_iijljl j <ftf b 4_l^>UJI 

.Ajcliua AjIS 4j] CjLjSj :4.Cj7 JjJaJI 





Cobe 3 jl> AjjS j*s <a jUlA 


AiAiJI J juLL 300-200 




aiaji ^ julL 500 


(Jj i >itt,M tJjUj) J^*-* 




Toray jl AjcII^I AjKII jui 


11000 


4jk.WI L_uiiVl AX. 


UjjV 225 




£-2JA jlo 2. 1 




j"mjTimi 13.5 








jisj 0.5 




jal 0.375 





38 °C 

(J^lxall _)Jt ajJ^J-a (JAa. (J-<uc1uia1I jjC. (JjUJI ajl^i. j|jJ2 .(9.^7 (J's^iil) 

(Jjllxall jjA jjljLjj]! .CliL^aill (JjLoi ojlj^JI (Jjlii) ■'»•> (I Ali-j^JI) lJjIj^JI 

^puou jU^a (j* II Ala. J-»1I i-ilbjj .1 ^ mil t> jl jaJI Aa. jJ La^Jj 
jLluj ojl j^. (j^ajj^ll (j-o ^Jl Jljj .s-Uj^JI i—njUVl (JclLa <J Jj3 38 °C 

j 4 37 °C 

.ALij]| J ojjj^. 1000 ^aijj Jj jx-« jjc. j^i 4s.lij^JI 
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II rjla-uj ■ 



a^i* :9.cj7 Jiill 

.38°C^ 

?A-a jlalall J] Ajjljll Ak.jAll jUuoi aJ jl i_J^J -Jill (aSUsI!) ejl jaJI jliLa jA La 

'"'^ i aflll (JjLui sjl^i. A^.jJ 1 i aj| L- imaj 
L_njljVl j Aj&Lu-all AjKII LaA JLa«_iJVI Sjlc-V (jjiiUll JJC. Jjmill AJ] W jk (^) 23- 
La$J i a ■ aJJ (jl C-iaJ (jtjlll (jtj-a^all /jl"^. al a II LaA La . (_paJ^all j aWI (JJJ Ai-aljll 



<iLul (jLujiaJI Lieii.1 ' -La j <^l'j (Jj"i»ll (J^Luij jaJI £-a (jjiLaJj ^^lill j-a]lj L-lJjLlVl 

jLua.1 jja. jLuasJI Uia-i L-Ja-j ^1 (!>lia Ail£jll£) cSJ^Vl (J-l j*ll La ,-i"ll 

jia .Jill LlU Sjajla cJlj La aJSII iJuUij j£j| ( f ) 24. 

LaC3 ^kj^all j^ilj I (Jj- j A^^iilj (J^jlaJI .ia.1 Jjk J t(J£l o^J Aj£-a-a (J_aLiJ 

?<iljl£aV 

' . Jjjuiill JjLoij a^lt jJSJj "^jJix-a -<-»,*ti liLlc. (J^J^C- aJI > aJ La-lic. 25. 

(JjLui jljlLaj ^- 1 all CjLUalaj (jja ■ *ull dlUUalaj Ail£j]l j (Jjnitll o.la (jLa (JjLuia JJjJ 

?La^j3 ^jjLlslI (jjjjilLall (JJ^J liLttjLaj aJ ^ (JjjoulSI 

^^jll (jLaVL Aj-alaJI j-^ II ^^Ja La .AlLo_a Ajcl L Aj1£ All jjjiaj Jjb ^ C±i\ 26. 

L_l5l Jj j ^ Jj^J (^211 Ajk all J AjJsUjVI A_i« j£aJI ClVl^ jll ^ La ^LpaJU-a ^Lk 

?dll JJf>*ll 

(Ja .jjLaVI j A a i all j AjaJI L_lil j^j ^jA Cllil (-ff l^ll (J^^ ^ (JijoiJ LuSj ' j ^a' aJ 27- 
(JjT ni'lll j^. La ■ all ' all (_JjLi-a ^ CliL^aill (JjLa ' «jj ' aJ (jl^aVL 

ljSI J5j ^jjiS ^1 Ajk all J Aj^UjVI A^ jSaJI jll ^ La ft^lli^ ^| ^ >Vl 

?dll jj^ajII iilij AjLj-a j (JLaaiuil 



765 



766 



a 
A 
C 
C 

c 

c 0 

D 



E. 



Acceleration [ Lr 2 ] 

Area and cross-sectional area [ L 2 ] 

Mass concentration [ L7 3 M ] 
Molar concentration [ L" 3 N ] 
Capacitance [I^VrVT 2 ] 
Initial mass concentration [ L~ 3 M ] 
Initial molar concentration [ I7 3 N ] 
Heat capacity at constant pressure [ L 2 t~ 2 T~' ] 
Heat capacity at constant volume [ L 2 t~ 2 T~' ] 
Diameter [L] 
Total energy [ L 2 Mt~ 2 ] 
Rate of total energy [ L 2 Mt" 3 ] 
Electrical energy [ L 2 Mt~ 2 ] 
Rate of electrical energy [ L 2 Mt" 3 ] 
Kinetic energy [ L 2 Mt~ 2 ] 
Rate of kinetic energy [ L 2 Mt 3 ] 



E K Specific kinetic energy [ L 2 Mt" 2 N _1 ] 

E p Potential energy [ L 2 Mt~ 2 ] 

E p Rate of potential energy [ L 2 Mr 3 ] 

E p Specific potential energy [ L 2 Mr 2 N~' ] 

EMF Equilibrium potential [ L 2 Mr 3 T _1 ] 

/ Fractional conversion [-] 

/ Frequency [ t" 1 ] 

/ Rotational frequency [ t~ ] 

/ Frictional losses [ L 2 Mt~ 3 ] 

F Force [ LMr 2 ] 

F R Resultant force [ LMt" 2 ] 

g Acceleration due to gravity [ Lt~ 2 ] 

g c Conversion factor for force units [ - ] 



Clulj \-iit . >i Xic Ajj\ 4jtj-u 

>s 

A .K Sal U 
S-lKll AiUaSI 

j=J Sjlkil 

4_lOjjII A iS II A al HI 

<lal£ll Aiiyi Jiu. 
4jc jill 4i«l£II AaUall 
jjjljjll (j_a-«S 
^ . u . i'^ l Jjsull 

^IjjJI .ISjjll 

S jail 

4jjlj-«]| ojall 
4Jl£ll £jL«j 
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G clec Rate of electrical energy generated [ L 2 Mt 3 ] sjIj-11 ^j^ill <SUall Ji»^ 

h Height [L] ^Ua jVI 

ft Heat transfer coefficient [ Mt~ 3 T _1 ] lsJj^ J^l 

# Enthalpy [ L 2 Mt~ 2 ] y; J j=J ^ >~ll 

# Specific enthalpy [ LM 2 t~ 2 N _1 ] ^ jill c?J j=JI ^ i^JI 
H Rate of enthalpy [ L 2 Mt~ 3 ] y; J j=JI ^ i^JI Jj« 
// Hematocrit [ - ] ^ill ^ *l j*aJ cjLjSU V«a.aJI <will 

# Henry's law constant [ L 2 r 2 ] l5 Qj&i cJj 
ff M Molal humidity [ - ] aJIjJ ajjL jll 
H p Percent humidity [-] ajjUI ^jjLjII 4_u*j 
// R Relative humidity [- ] Aji-uil ajjLJA 
i Current [I] ^kj*^ 

i Inlet index [ - ] Jl JJj 

7 Outlet index [- ] ^jiJI JJj 

k Inlet index [ - ] jII JJj 

Thermal conductivity [ LMr 3 T~ 1 ] *jJ j=JI UaUll 

L Angular Momentum [ L 2 Mr' ] ls jl jll ^ jll 

L Inductance [ L 2 Mt~ 2 r 2 ] ^jUtt J o^ja^ll 

L Rate of angular momentum [ L 2 Mt~ 2 ] ^ jl jll ^ jll 

/ Length [L] JjUl 

m Mass [M] aI&II 

m A Mass of constituent A [M] A jjS-JI 

m Mass flow rate [ Mt ] aJj^II Jji-S JEuu. 

m A Mass flow rate of constituent A [ Mr ] A jji«ll ^ l&>" 

M Molecular weight or molar mass [ MN~' ] "<AjA\ 4J&II ji ^ j?JI jjjll 

M av Average molecular weight [ MN~' ] cr L- jll ^ jaJI j jjll 

n Number of moles [N] asc 

n A Number of moles of constituent A [N] A <j*j£*ll cjV y> jjo 

« Molar flow rate [ t" N ] Jij^ jissll cfr«-° 

/; Linear momentum [ LMt" 1 ] (^=^11 f^jll 

/? Rate of linear momentum [ LMt 2 ] cr^' c^J^ 1 J- 1 *- 0 

P Power [ L 2 Mr 3 ] SjjSII J AcUiL-VI 

P Pressure, vapor pressure [ L~'Mt~ 2 ] jUJI -Li^ 1 Ui , ni l 
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Pi 


Partial pressure [ L _1 Mr 2 ] 




p* 


Saturated vapor pressure [ L _1 Mt~ 2 ] 




Po 


Ambient pressure [ L _1 Mt~ 2 ] 




q 


Charge [tl] 


a ja ^\ 


4 


Rate of charge [I] 


A >%\\ J!i«-a 


<?+ 


Positive charge [tl] 


A all A la luII 


Q- 


Negative charge [tl] 


4alUiJl A la 


Q 


Heat [ L 2 Mr 2 ] 




Q 


Rate of heat [ L 2 Mr 3 ] 




r 


Position vector [L] 




r 


Radius [L] 




R 


Ideal gas constant [ L 2 Mr 2 T~'N _1 ] 


^lUI jUll cJl 


R 


Rate of reaction [ Mt" 1 ] 




R 


Resistance [ L 2 Mt" 3 I" 2 ] 




Re 


Reynolds number [ - ] 




RQ 


Respiratory quotient [ - ] 




s M 


Molal saturation [ - ] 




S P 


Percent saturation [ - ] 


^jj-all ^^xuall £-uiujil 


s R 


Relative saturation [ - ] 




SG 


Specific gravity [ - ] 




t 


Time [t] 




h 


Initial time [t] 




h 


Final time [t] 


AjjI^V! A 


T 


Period [t] 




T 


Temperature [T] 


SjljaJI A^jJ 


U 


Internal energy [ L 2 Mr 2 ] 




u 


Rate of internal energy [ L 2 Mt 3 ] 




u 


Specific internal energy [ L 2 Mr 2 N _1 ] 


V Jill 3yklJ 4iUJI 


V 


Velocity [ Lr 1 ] 


At-, ajl 


V 


Voltage [L 2 Mr 3 r'] 




V 


Volume [ L 3 ] 




V 


Volumetric flow rate [ L t~ ] 




V 


Specific volume [ L 3 N _1 ] 
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Mass fraction of component A [ - ] 


A jjS^lJ ajI&JI <y„\\] 


W 


Weight [LMt~ 2 ] 




w 


Work[L 2 Mr 2 ] 




w 


Rate of work [L 2 Mr 3 ] 




w 

vy dec 


Rate of electrical energy consumed [ L 2 Mt 3 ] 


2<l,j"....-ll 4_uUj$£]l 251 Ul JS... 


W 

'' flow 


Rate of flow work [ L 2 Mt -3 ] 




w 

vr shaft 


Rate of shaft work [ L 2 Mr 3 ] 




X 


Direction in space [L] 




X A 


Mole fraction of component A [ - ] 


A jjSJl Sj 4,),, .ill 


X 


Mean value [depends on system] 




y 


Direction in space [L] 




z 


Direction in space [L] 




z 


Height above a reference plane [L] 




n 


Fluid viscosity [ L'Mr 1 ] 




p 


Density [ L" 3 M ] 




Prcf 


Reference density [ L~ 3 M ] 




a 


Stoichiometric coefficient of a compound [ - ] 




o 


Standard deviation [depends on system] 




I 


Summation [ - ] 




T 


Torque [ L 2 Mt~ 2 ] 






Extensive property [depends on system] 






Rate of extensive property [ ^V 1 ] 




GO 


Angular velocity [ t _1 ] 
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1 kg = 1000 g = 0.001 metric ton = 2.20462 lb m = 35.27392 oz 
1 lb m = 16 oz = 5 x 10" 4 ton = 453.593 g = 0.453593 kg 




1 m = 100 cm = 1000 mm = 10 6 microns (jim) 

= 39.37 in = 3.2808 ft = 1.0936 yd = 0.0006214 mile 
1 ft = 12 in = 1/3 yd = 0.3048 m = 30.48 cm 




1 m 3 = 1000 L = 10 6 cm 3 = 10 6 mL 

= 35.3145 ft 3 = 220.83 imperial gallons = 264.17 gal 
= 1056.68 qt 




1 ft 3 = 1728 in 3 = 7.4805 gal = 0.028317 m 3 = 28.317 L 
= 28,317 cm 3 




1 N = 1 kg-m/s 2 = 10 5 dynes = 10 5 g-cm/s 2 = 0.22481 lb f 
1 lb f = 32.174 lb m • ft/s 2 = 4.4482 N = 4.4482 X 10 5 dynes 




1 atm — 1.U1325 x iu JN/m (l a) — iui.jZj Kra — i.uijzj Dar 
= 1.01325 X 10 6 dynes/cm 2 

= 760 mmHg at 0°C (torr) = 10.333 m H 2 0 at 4°C 
= 14.696 lb £ /in 2 (psi) = 33.9 ft H 2 0 at 4°C 
= 29.921 in Hg at 0°C 




1 J = 1 N • m = 10 7 ergs = 10 7 dyne • cm 
= 2.778 X lO^kW-hr = 0.23901 cal 
= 0.7376 ft-lb f = 9.486 X 10~ 4 Btu 




1 W = 1 J/s = 0.23901 cal/s = 0.7376 ft • lb f /s 
= 9.486 X 10" 4 Btu/s = 1.341 X 10" 3 hp 





^2.20462 lb r N 
1000 g 
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j^aUxli ^jjiil Jj^aJl id Jalail 
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i 1 


2 

He 

4.00260 


10 
Ne 

20.1797 


18 
Ar 

39.948 


« k> °9 

cn a! co 

" 00 


54 

Xe 

131.29 


86 
Rn 

(-222) 






71 

Lu 

174.967 


103 
Lr 

(262) 


VIIA 




-<* 

00 

ONfag 

00 

T— 1 


17 
CI 

35.4527 


35 

Br 

79.904 


53 
126.9045 


00 E 


70 

Yb 

173.04 


102 

No 

(259) 


< 
> 

$ J 
S 


ooOSn 

vi 


no 

no 

^Cfl p 

co 


NO 
W ON 

co t/2 oo 
i 


52 

Te 

127.60 
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Tm 

168.9342 


101 

Md 

(258) 


f> 

rH 


15 
P 

30.9738 


33 

As 

74.9216 


51 

Sb 

121.75 


83 

Bi 

208.9804 




68 

Er 

167.26 


100 
Fm 

(257) 


T— I 


14 

Si 

28.0855 


co rj n 


50 

Sn 

118.710 


00 o 
CM 




67 

Ho 

164.9304 




AA OO 


13 

Al 

26.98154 


^-i » t- 

co on 

>» NO 


49 

In 

114.82 


81 

Ti 

204.383 




4 

•3 
1 
n 

1 


o 


sS| 






1- ON 

o B co 

co vn' 

NO 


48 

Cd 

112.41 


80 
Hg 

200.59 




65 

Tb 

158.9254 


^paE 


pa 

s 

i i 

pa 

> 

pa 

> 

pa 
>— 


29 

Cu 

63.546 


47 

Ag 

107.8682 


79 

Au 

196.9665 




64 

Gd 

157.25 




_ ON 

oo fS no 

CM ^ 00 

in 


46 

Pd 

106.42 


78 
Pt 

195.08 




63 

Eu 

151.965 


NO 


27 

Co 

58.9332 


45 

Rh 

102.9055 


77 

Ir 

192.22 








62 

Sm 

150.36 


^PhE 


26 

Fe 

55.847 


44 

Ru 

101.07 


no J£ d 

t- O ON 




-Us 


93 
Np 

237.048 


25 

Mn 

54.9380 


CO ,V oc? 

■* h a, 


75 
Re 

186.207 






60 

Nd 

144.24 


92 

u 

238.0289 


24 

Cr 

51.996 


N OS 

■* 2 u-i 

On 


in 

fi S co 


106 
Unh 

(263) 


59 

Pr 

140.9077 


91 

Pa 

231.036 


23 
V 
50.9415 


41 

Nb 

92.9064 


73 

Ta 

180.9479 


105 
Unp 

(262) 




58 

Ce 

140.12 


90 

Th 

232.0381 


00 

IN 'r- 00 


40 

Zr 

91.224 


72 
Hf 

178.49 


104 

Unq 

(261) 






?« V 

% I 

0 0 


IIIB 






21 

Sc 

44.9559 


39 

Y 

88.9059 


57* 
La 

138.9055 


89f 
Ac 

227.0278 




IIA 




4 

Be 

9.01218 


12 

Mg 

24.305 


20 

Ca 

40.078 


CN 

00 NO 

co t/3 t-^ 

00 


56 

Ba 

137.33 


88 
Ra 

226.0254 


1 

1 n 


< 


On 

p 


ND 


11 
Na 

22.98977 


19 

K 

39.0983 


37 

Rb 

85.4678 


55 

Cs 

132.9054 


s£9 


•3 
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cjUUi! Jjl^ jaldl 



.A^Lill a^j^J cA^j^l <i>JI jljjVl JjJaJI 



(Da) ^>ll jjjil 




18 


*U 


135 




(cjUjkijS) 186.21 -(oHili) 57.06 






180 




387 




600 




610 


(^l-i. ii jll) iliill S^cla ^ jj 


60000 




3000000-5000 


(JU^JI) IOJJJJJ 


64000 




1.83X10 12 


^kiuu Si jj ^ DNA 




1.73 m (5 ft 8 in) 






68 kg (150 lbj 






1.7 m 2 






37.0 °C 






34.2 °C 






0.86kcal/(kg°C) 






%12 






(^1 ujjo-%60) 41.0 L 






72kcal/hr j 40kcal/(m 2 hr) 


^Jjj\ 




5L 






5L/min 






120/80 mmHg 






65 beats/min 


4JU. ^ l_lfi]l L _p 3 lj Jj*-« 











Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes, New York, Marcel Dekker, 1976. 

Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 2000 



774 



. (jjjjjail Sa» > rill j Sjljail *^?-jJ Jj=- J^-J^ *ju\ uill :3.£l JjJaJI 



6.0 L 


4jK1I AjjJI 4ju* 


4.2 L 




6.0 L/min 




4.2 L/min 


4_u1 J^il Cllljjjail Aj j£J Jia-a 


500 mL 


^jjUSll ^a ~> 11 


150 mL 


CIluJI jjail 


12 breaths/min 




75 mL 




284 mL/min 




227 mL/min 


^jjj^j^ll \l » a£l 


0.80 





: AjaiLijal J*J J-ist-a J J Jail * 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes, New York, Marcel Dekker, 1976. 

.'jJS 70 ^IL <Ja.j (_5 jla-a :4.£ JjAaJI 



( g ) yssa 




(g) yssa 




150 




41400 




112 




12600 




85 




12600 




63 




1160 




860 




670 


f <l Q L ..^3 






300 


djl jJjA jjj^ 



J .Jail * 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 



(mL) 




(mL) 


JjUlaJI clall 


1400 




1200 




350 


^la 1) ^)JC (J 1 aa a J >4 £ - pl-a 


1000 


f Uyi ^ *la 


350 


^iu j]\ ji£. j — * a 


300 




200 


, 






200 


JljJI ^ *U 






2500 




2500 





J, Jail 



Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 
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5 L 






1.056 g/cm 3 






7.41 








CAj j£ 4ju^i .lie jjlll 






/ ^7 T \ a i«L ,1 






1 _ \l f ** .1 i it A i 

p taxi's, II I — lU^J-UI n-Jj-oJ 










0.4 / 


jjSJ 




0 4? 






1 O IILLy Kg 






□ 3 L 






7.5 -7.3 


pH jn^ti J«lc 




1.2 cP 


( 37 °C ) jjlil 




1.0239 g/cm 3 






□ 2L 






1.098 g/cm 3 












(yJSIl fjJI J\ k^h) 5.4x10" (mL)" 1 






( JSi) fd\ Jj <iujJlj) 4.8xl0 9 (mL) -1 






87 (im 3 






8.4 |im 






(eljA^JI iiiUjSl! -cuajb) 0.335 g/mL 






(JSS fA\ J\ ^uuL) 7.4xl0 6 (mL) -1 






7 - 20 pin 






( ^1 J\ i^L) 2.8 x10 s (mL)" 1 






2-5 [un 






0.195 mL 0 2 /mL blood 


^Uj^l 0 2 Jjia 




0.492 mL 0 2 /mL blood 


^L^iJICO, Jji. 




0.145 mL 0 2 /mL blood 


^Jjjjll 0 2 jl^ia 


(37°C, 1 atm) 


0.532 mL 0 2 /mL blood 


i^jjjjII C0 2 JjL« 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 
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(mL) f^JI 




(mL) f^aJI 


4jjj^11 AjjaiJI ajj^ll 


100 




400 




450 


^-LajjiaJI CliUU^^ 


60 




300 




140 




200 




700 




2050 








3100 




1300 








250 












550 









.ijpjl 5.2 tt jlaiiiuj 178 (JjUl t^iS 63 ojjfi '<aj-u 30 ,>«JI : ( ^£jJalj3al ** ■!■ 



Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 



(mL/min) ^1 jajj Jo** 




700 




150 




150 




1100 




1350 




1050 




300 




750 


("Uaijij jje. 4JL^) SI, 11 


250 




300 


(jjb jjaiila) iMI 


50 




25 


jlijMll jlliill 


175 




5000 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 

.*<JLa.jll ijd kiA»aA\ AjjxJ SjjJ :9-i Jj-laJI 





(cm/s) (.jII acju 


(cm) jJaSil 


j^jll etc jll 


5800-3600 
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2479 


326.4 


2313 


2639 


80 


0.4736 


0.001029 


3.408 


334.8 


2482 


334.9 


2308 


2643 


82 


0.5133 


0.001030 


3.161 


343.2 


2484 


343.3 


2303 


2646 


84 


0.5558 


0.001032 


2.934 


351.6 


2487 


351.7 


2298 


2650 


86 


0.6011 


0.001033 


2.727 


360.0 


2489 


360.1 


2293 


2653 


88 


0.6495 


0.001034 


2.536 


368.4 


2491 


368.5 


2288 


2656 


90 


0.7011 


0.001036 


2.361 


376.9 


2493 


377.0 


2282 


2659 


92 


0.7560 


0.001037 


2.200 


385.3 


2496 


385.4 


2277 


2662 


94 


0.8145 


0.001039 


2.052 


393.7 


2499 


393.8 


2272 


2666 


96 


0.8767 


0.001040 


1.915 


401.1 


2501 


402.2 


2267 


2669 


98 


0.9429 


0.001042 


1.789 


410.6 


2504 


410.7 


2262 


2673 


100 


1.0131 


0.001044 


1.673 


419.0 


2507 


419.1 


2257 


2676 


102 


1.0876 


0.001045 


1.566 


427.1 


2509 


427.5 


2251 


2679 



Haywood RW, Thermodynamic Tables in SI (Metric) k^s^ ^UUJI 
Units. Cambridge University Press, 1968. 

Reklaitis GV, Introduction to Material and Energy Balances. :<> Jj^?JI 

New York: Wiley, 1983. 
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■ Ui . all Jj-^ :(aj!jJI Cil.ia.jJlj) ^n%«\\ jUJ ji. :6.jr Jj-i?JI 



P (bar) 


T(C) 


V (ra 3 /kg) 




U (kJ/kg) 




H (kJ/kg) 














« a 




0.00611 


0.01 


0.001000 


206.2 


zero 


2375.6 


+0.0 


2501.6 


2501.6 


0.008 


3.8 


0.001000 


159.7 


15.8 


2380.7 


15.8 


2492.6 


2508.5 


0.010 


7.0 


0.001000 


129.2 


29.3 


2385.2 


29.3 


2485.0 


2514.4 


0.012 


9.7 


0.001000 


108.7 


40.6 




40.6 


2478.7 


2519.3 


0.014 


12.0 


0.001000 


93.9 


50.3 


2392.0 


50.3 


2473.2 


2523.5 


0.016 


14.0 


0.001001 


82.8 


58.9 


2394.8 


58.9 


2468.4 


2527.3 


0.018 


15.9 


0.001001 


74.0 


66.5 




66.5 


2464.1 


2530.6 


0.020 


17.5 


0.001001 


67.0 


73.5 


2399.6 


73.5 


2460.2 


2533.6 


0.022 


19.0 


0.001002 


61.2 


79.8 


2401.7 


79.8 


2456.6 


2536.4 


0.024 


20.4 


0.001002 


56.4 


85.7 


lACll £ 
Z^U-J.O 


85.7 


2453.3 


2539.0 


0.026 


21.7 


0.001002 


52.3 


91.1 


2405.4 


91.1 


2450.2 


2541.3 


0.028 


23.0 


0.001002 


48.7 


96.2 


2407.1 


96.2 


2447.3 


2543.6 


0.030 


24.1 


0.001003 


45.7 


101.0 


2408.6 


101.0 


2444.6 


2545.6 


0.035 


26.7 


0.001003 


39.5 


111.8 


2412.2 


111.8 


2438.5 


2550.4 


0.040 


29.0 


0 001 004 


34.8 


111 A 


Z*T 1 J.J 


1 11 A 


1A1*Z 1 
Z*fJJ. 1 




0.045 


31.0 


0.001005 


31.1 


130.0 


2418.1 


130.0 


2428.2 


2558.2 


0.050 


32.9 


0.001005 


28.2 


137.8 


2420.6 


137.8 


2423.8 


2561.6 


0.060 


36.2 


0.001006 


23.74 


151.5 


2425.1 


151.5 


2416.0 


2567.5 


0.070 


39.0 


0.001007 


20.53 


163.4 


2428.9 


163.4 


2409.2 


2572.6 


0.080 


41.5 


0.001008 


18.10 


173.9 


2432.3 


173.9 


2403.2 


2577.1 


0.090 


43.8 


0.001009 


16.20 


183.3 


2435.3 


183.3 


2397.9 


2581.1 


0.10 


45.8 


0.001010 


14.67 


191.8 


2438.0 


191.8 


15yl.y 


2584.8 


0.11 


47.7 


0.001011 


13.42 


iyy. / 


Z^t^KJ.J 


1 QQ 1 

iyy. / 


1 3Qfl A 

ZJSfi.t 


1COO 1 

Zjoo.l 


0 12 


49 4 


0.001012 


12.36 


206.9 


2442.8 


206.9 


2384.3 


2591.2 


0.13 


51.1 


0.001013 


11.47 


213.7 


2445.0 


213.7 


2380.4 


2594.0 


0.14 


52.6 


0.001013 


10.69 


220.0 


2447.0 


220.0 


2376.7 


2596.7 


0.15 


54.0 


A A/11 A -I A 
0. 001014 


10.02 


226.0 


2448.9 


226.0 


2373.2 


2599.2 


0.16 


55.3 


0.001015 


9.43 


231.6 


2450.6 


231.6 


2370.0 


2601.6 


0.17 


56.6 


0.001015 


8.91 


236.9 


2452.3 


236.9 


2366.9 


2603.8 


0.18 


57.8 


0.001016 


8.45 


242.0 


2453.9 


242.0 


2363.9 


2605.9 


0.19 


59.0 


0.001017 


8.03 


246.8 


2455.4 


246.8 


2361.1 


2607.9 


0.20 


60.1 


0.001017 


7.65 


251.5 


2456.9 


251.5 


2358.4 


2609.9 


0.22 


62.2 


0.001018 


7.00 


260.1 


2459.6 


260.1 


2353.3 


2613.5 


0.24 


64.1 


0.001019 


6.45 


268.2 


2462.1 


268.2 


2348.6 


2616.8 


0.26 


65.9 


0.001020 


5.98 


275.6 


2464.4 


275.7 


2344.2 


2619.9 


0.28 


67.5 


0.001021 


5.58 


282.7 


2466.5 


282.7 


2340.0 


2622.7 


0.30 


69.1 


0.001022 


5.23 


289.3 


2468.6 


289.3 


2336.1 


2625.4 


0.35 


72.7 


0.001025 


4.53 


304.3 


2473.1 


304.3 


2327.2 


2631.5 


0.40 


75.9 


0.001027 


3.99 


317.6 


2477.1 


317.7 


2319.2 


2636.9 


0.45 


78.7 


A AA1 AT 0 
0.001028 


ICO 

3.58 


329.6 


2480.7 


329.6 


2312.0 


2641.7 


0.50 


81.3 


0.001030 


3.24 


340.5 


2484.0 


340.6 


2305.4 


2646.0 


0.55 


83.7 


0.001032 


2.96 


350.6 


2486.9 


350.6 


2299.3 


2649.9 


0.60 


86.0 


0.001033 


2.73 


359.9 


2489.7 


359.9 


2293.6 


2653.6 


0.65 


88.0 


0.001035 


2.53 


368.5 


2492.2 


368.6 


2288.3 


2656.9 


0.70 


90.0 


0.001036 


2.36 


376.7 


2494.5 


376.8 


2283.3 


2660.1 


0.75 


91.8 


0.001037 


2.22 


384.4 


2496.7 


384.5 


2278.6 


2663.0 


0.80 


93.5 


0.001039 


2.087 


391.6 


2498.8 


391.7 


2274.1 


2665.8 


0.85 


95.2 


0.001040 


1.972 


398.5 


2500.8 


398.6 


2269.8 


2668.4 


0.90 


96.7 


0.001041 


1.869 


405.1 


2502.6 


405.2 


2265.6 


2670.9 


0.95 


98.2 


0.001042 


1.777 


411.4 


2504.4 


411.5 


2261.7 


2673.2 


1.00 


99.6 


0.001043 


1.694 


417.4 


2506.1 


417.5 


2257.9 


2675.4 


1.01325 


100.0 


0.001044 


1.673 


419.0 


2506.5 


419.1 


2256.9 


2676.0 


(1 atm) 
1.1 


102.3 


0.001046 


1.549 


428.7 


2509.2 


428.8 


2250.8 


2679.6 


1.2 


104.8 


0.001048 


1.428 


439.2 


2512.1 


439.4 


2244.1 


2683.4 


1.3 


107.1 


0.001049 


1.325 


449.1 


2514.7 


449.2 


2237.8 


2687.0 


1.4 


109.3 


0.001051 


1.236 


458.3 


2517.2 


458.4 


2231.9 


2690.3 


1.5 


111.4 


0.001053 


1.159 


467.0 


2519.5 


467.1 


2226.2 


2693.4 


1.6 


113.3 


0.001055 


1.091 


475.2 


2521.7 


475.4 


2220.9 


2696.2 
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i all J jia. j-lJI tljl^. j]Li) ^lumll jl a all <_>^il ji. JjJaJI 



/'(bar) 


T('C) 


V (m 3 /kg) 




U (kJ/kg) 




H (kJ/kg) 




*U 








*U 


■K 3 




1.7 


115.2 


0.001056 


1.031 


483.0 


2523.7 


483.2 


2215.7 


2699.0 


1.8 


116.9 


0.001058 


0.977 


490.5 


2525.6 


490.7 


2210.8 


2701.5 


1.9 


118.6 


0.001059 


0.929 


497.6 


2527.5 


497.8 


2206.1 


2704.0 


2.0 


120.2 


0.001061 


0.885 


504.5 


2529.2 


504.7 


2201.6 


2706.3 


2.2 


123.3 


0.001064 


0.810 


517.4 


2532.4 


517.6 


2193.0 


2710.6 


2.4 


126.1 


0.001066 


0.746 


529.4 


2535.4 


529.6 


2184.9 


2714.5 


2.6 


128.7 


0.001069 


0.693 


540.6 


2538.1 


540.9 


2177.3 


2718.2 


2.8 


131.2 


0.001071 


0.646 


551.1 


2540.6 


551.4 


2170.1 


2721.5 


3.0 


133.5 


0.001074 


0.606 


561.1 


2543.0 


561.4 


2163.2 


2724.7 


3.2 


135.8 


0.001076 


0.570 


570.6 


2545.2 


570.9 


2156.7 


2727.6 


3.4 


137.9 


0.001078 


0.538 


579.6 


2547.2 


579.9 


2150.4 


2730.3 


3.6 


139.9 


0.001080 


0.510 


588.1 


2549.2 


588.5 


2144.4 


2732.9 


3.8 


141.8 


0.001082 


0.485 


596.4 


2551.0 


596.8 


2138.6 


2735.3 


4.0 


143.6 


0.001084 


0.462 


604.2 


2552.7 


604.7 


2133.0 


2737.6 


4.2 


145.4 


0.001086 


0.442 


611.8 


2554.4 


612.3 


2127.5 


2739.8 


4.4 


147.1 


0.001088 


0.423 


619.1 


2555.9 


619.6 


2122.3 


2741.9 


4.6 


148.7 


0.001089 


0.405 


626.2 


2557.4 


626.7 


2117.2 


2743.9 


4.8 


150.3 


0.001091 


0.389 


633.0 


2558.8 


633.5 


2112.2 


2745.7 


5.0 


151.8 


0.001093 


0.375 


639.6 


2560.2 


640.1 


2107.4 


2747.5 


5.5 


155.5 


0.001097 


0.342 


655.2 


2563.3 


655.8 


2095.9 


2751.7 


6.0 


158.8 


0.001101 


0.315 


669.8 


2566.2 


670.4 


2085.0 


2755.5 


6.5 


162.0 


0.001105 


0.292 


683.4 


2568.7 


684.1 


2074.7 


2758.9 


7.0 


165.0 


0.001108 


0.273 


696.3 


2571.1 


697.1 


2064.9 


2762.0 


7.5 


167.8 


0.001112 


0.2554 


708.5 


2573.3 


709.3 


2055.5 


2764.8 


8.0 


170.4 


0.001115 


0.2403 


720.0 


2575.5 


720.9 


2046.5 


2767.5 


8.5 


172.9 


0.001118 


0.2268 


731.1 


2577.1 


732.0 


2037.9 


2769.9 


9.0 


175.4 


0.001121 


0.2148 


741.6 


2578.8 


742.6 


2029.5 


2772.1 


9.5 


177.7 


0.001124 


0.2040 


751.8 


2580.4 


752.8 


2021.4 


2774.2 


10.0 


179.9 


0.001127 


0.1943 


761.5 


2581.9 


762.6 


2013.6 


2776.2 


10.5 


182.0 


0.001130 


0.1855 


770.8 


2583.3 


772.0 


2005.9 


2778.0 


11.0 


184.1 


0.001133 


0.1774 


779.9 


2584.5 


781.1 


1998.5 


2779.7 


11.5 


186.0 


0.001136 


0.1700 


788.6 


2585.8 


789.9 


1991.3 


2781.3 


12.0 


188.0 


0.001139 


0.1632 


797.1 


2586.9 


798.4 


1984.3 


2782.7 


12.5 


189.8 


0.001141 


0.1569 


805.3 


2588.0 


806.7 


1977.4 


2784.1 


13.0 


191.6 


0.001144 


0.1511 


813.2 


2589.0 


814.7 


1970.7 


2785.4 


14 


195.0 


0.001149 


0.1407 


828.5 


2590.8 


830.1 


1957.7 


2787.8 


15 


198.3 


0.001154 


0.1317 


842.9 


2592.4 


844.7 


1945.2 


2789.9 


16 


201.4 


0.001159 


0.1237 


856.7 


2593.8 


858.6 


1933.2 


2791.7 


17 


204.3 


0.001163 


0.1166 


869.9 


2595.1 


871.8 


1921.5 


2793.4 


18 


207.1 


0.001168 


0.1103 


882.5 


2596.3 


884.6 


1910.3 


2794.8 


19 


209.8 


0.001172 


0.1047 


894.6 


2597.3 


896.8 


1899.3 


2796.1 


20 


212.4 


0.001177 


0.0995 


906.2 


2598.2 


908.6 


1888.6 


2797.2 


21 


214.9 


0.001181 


0.0949 


917.5 


2598.9 


920.0 


1878.2 


2798.2 


22 


217.2 


0.001185 


0.0907 


928.3 


2599.6 


931.0 


1868.1 


2799.1 


23 


219.6 


0.001189 


0.0868 


938.9 


2600.2 


941.6 


1858.2 


2799.8 


24 


221.8 


0.001193 


0.0832 


949.1 


2600.7 


951.9 


1848.5 


2800.4 


25 


223.9 


0.001197 


0.0799 


959.0 


2601.2 


962.0 


1839.0 


2800.9 


26 


226.0 


0.001201 


0.0769 


968.6 


2601.5 


971.7 


1829.6 


2801.4 


27 


228.1 


0.001205 


0.0740 


978.0 


2601.8 


981.2 


1820.5 


2801.7 


28 


230.0 


0.001209 


0.0714 


987.1 


2602.1 


990.5 


1811.5 


2802.0 


29 


232.0 


0.001213 


0.0689 


996.0 


2602.3 


999.5 


1802.6 


2802.2 


30 


233.8 


0.001216 


0.0666 


1004.7 


2602.4 


1008.4 


1793.9 


2802.3 


32 


237.4 


0.001224 


0.0624 


1021.5 


2602.5 


1025.4 


1776.9 


2802.3 


34 


240.9 


0.001231 


0.0587 


1037.6 


2602.5 


1041.8 


1760.3 


2802.1 
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P(bar) 




V (ra 3 /kg) 




U (kj/ke) 




H (kj/kg) 




7TQ 
















5.0 


151.8 


0.001093 


0.375 


639.6 


2560.2 


640.1 


2107.4 


2747.5 


5.5 


155.5 


0.001097 


0.342 


655.2 


2563.3 


655.8 


2095.9 


2751.7 


6.0 


158.8 


0.001101 


0.315 


669.8 


2566.2 


670.4 


2085.0 


2755.5 


6.5 


162.0 


0.001105 


0.292 


683.4 


2568.7 


684.1 


2074.7 


2758.9 


7.0 


165.0 


0.001108 


0.273 


696.3 


2571.1 


697.1 


2064.9 


2762.0 


7.5 


167.8 


0.001112 


0.2554 


708.5 


2573.3 


709.3 


2055.5 


2764.8 


8.0 


170.4 


0.001115 


0.2403 


720.0 


2575.5 


720.9 


2046.5 


2767.5 


8.5 


172.9 


0.001118 


0.2268 


731.1 


2577.1 


732.0 


2037.9 


2769.9 


9.0 


175.4 


0.001121 


0.2148 


741.6 


2578.8 


742.6 


2029.5 


2772.1 


9.5 


177.7 


0.001124 


0.2040 


751.8 


2580.4 


752.8 


2021.4 


2774.2 


10.0 


179.9 


0.001127 


0.1943 


761.5 


2581.9 


762.6 


2013.6 


2776.2 


10.5 


182.0 


0.001130 


0.1855 


770.8 


2583.3 


772.0 


2005.9 


2778.0 


11.0 


184.1 


0.001133 


0.1774 


779.9 


2584.5 


781.1 


1998.5 


2779.7 


11.5 


186.0 


0.001136 


0.1700 


788.6 


2585.8 


789.9 


1991.3 


2781.3 


12.0 


188.0 


0.001139 


0.1632 


797.1 


2586.9 


798.4 


1984.3 


2782.7 


12.5 


189.8 


0.001141 


0.1569 


805.3 


2588.0 


806.7 


1977.4 


2784.1 


13.0 


191.6 


0.001144 


0.1511 


813.2 


2589.0 


814.7 


1970.7 


2785.4 


14 


195.0 


0.001149 


0.1407 


828.5 


2590.8 


830.1 


1957.7 


2787.8 


15 


198.3 


0.001154 


0.1317 


842.9 


2592.4 


844.7 


1945.2 


2789.9 


16 


201.4 


0.001159 


0.1237 


856.7 


2593.8 


858.6 


1933.2 


2791.7 


17 


204.3 


0.001163 


0.1166 


869.9 


2595.1 


871.8 


1921.5 


2793.4 


18 


207.1 


0.001168 


0.1103 


882.5 


2596.3 


884.6 


1910.3 


2794.8 


19 


209.8 


0.001172 


0.1047 


894.6 


2597.3 


896.8 


1899.3 


2796.1 


20 


212.4 


0.001177 


0.0995 


906.2 


2598.2 


908.6 


1888.6 


2797.2 


21 


214.9 


0.001181 


0.0949 


917.5 


2598.9 


920.0 


1878.2 


2798.2 


22 


217.2 


0.001185 


0.0907 


928.3 


2599.6 


931.0 


1868.1 


2799.1 


23 


219.6 


0.001189 


0.0868 


938.9 


2600.2 


941.6 


1858.2 


2799.8 


24 


221.8 


0.001193 


0.0832 


949.1 


2600.7 


951.9 


1848.5 


2800.4 


25 


223.9 


0.001197 


0.0799 


959.0 


2601.2 


962.0 


1839.0 


2800.9 


26 


226.0 


0.001201 


0.0769 


968.6 


2601.5 


971.7 


1829.6 


2801.4 


27 


228.1 


0.001205 


0.0740 


978.0 


2601.8 


981.2 


1820.5 


2801.7 


28 


230.0 


0.001209 


0.0714 


987.1 


2602.1 


990.5 


1811.5 


2802.0 


29 


232.0 


0.001213 


0.0689 


996.0 


2602.3 


999.5 


1802.6 


2802.2 


30 


233.8 


0.001216 


0.0666 


1004.7 


2602.4 


1008.4 


1793.9 


2802.3 


32 


237.4 


0.001224 


0.0624 


1021.5 


2602.5 


1025.4 


1776.9 


2802.3 


34 


240.9 


0.001231 


0.0587 


1037.6 


2602.5 


1041.8 


1760.3 


2802.1 


36 


244.2 


0.001238 


0.0554 


1053.1 


2602.2 


1057.6 


1744.2 


2801.7 


38 


247.3 


0.001245 


0.0524 


1068.0 


2601.9 


1072.7 


1728.4 


2801.1 


40 


250.3 


0.001252 


0.0497 


1082.4 


2601.3 


1087.4 


1712.9 


2800.3 


42 


253.2 


0.001259 


0.0473 


1096.3 


2600.7 


1101.6 


1697.8 


2799.4 


44 


256.0 


0.001266 


0.0451 


1109.8 


2599.9 


1115.4 


1682.9 


2798.3 


46 


258.8 


0.001272 


0.0430 


1122.9 


2599.1 


1128.8 


1668.3 


2797.1 


48 


261.4 


0.001279 


0.0412 


1135.6 


2598.1 


1141.8 


1653.9 


2795.7 


50 


263.9 


0.001286 


0.0394 


1148.0 


2597.0 


1154.5 


1639.7 


2794.2 


52 


266.4 


0.001292 


0.0378 


1160.1 


2595.9 


1166.8 


1625.7 


2792.6 


54 


268.8 


0.001299 


0.0363 


1171.9 


2594.6 


1178.9 


1611.9 


2790.8 


56 


271.1 


0.001306 


0.0349 


1183.5 


2593.3 


1190.8 


1598.2 


2789.0 


58 


273.3 


0.001312 


0.0337 


1194.7 


2591.9 


1202.3 


1584.7 


2787.0 


60 


275.6 


0.001319 


0.0324 


1205.8 


2590.4 


1213.7 


1571.3 


2785.0 


62 


277.7 


0.001325 


0.0313 


1216.6 


2588.8 


1224.8 


1558.0 


2782.9 


64 


279.8 


0.001332 


0.0302 


1227.2 


2587.2 


1235.7 


1544.9 


2780.6 


36 


244.2 


0.001238 


0.0554 


1053.1 


2602.2 


1057.6 


1744.2 


2801.7 


38 


247.3 


0.001245 


0.0524 


1068.0 


2601.9 


1072.7 


1728.4 


2801.1 


40 


250.3 


0.001252 


0.0497 


1082.4 


2601.3 


1087.4 


1712.9 


2800.3 


42 


253.2 


0.001259 


0.0473 


1096.3 


2600.7 


1101.6 


1697.8 


2799.4 


44 


256.0 


0.001266 


0.0451 


1109.8 


2599.9 


1115.4 


1682.9 


2798.3 


46 


258.8 


0.001272 


0.0430 


1122.9 


2599.1 


1128.8 


1668.3 


2797.1 
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/j (bar) 


















48 


261.4 


0.001279 


0.0412 


1135.6 


2598.1 


1141.8 


1653.9 


2795.7 


50 


263.9 


0.001286 


0.0394 


1148.0 


2597.0 


1154.5 


1639.7 


2794.2 


52 


266.4 


0.001292 


0.0378 


1160.1 


2595.9 


1166.8 


1625.7 


2792.6 


54 


268.8 


0.001299 


0.0363 


1171.9 


2594.6 


1178.9 


1611.9 


2790.8 


56 


271.1 


0.001306 


0.0349 


1183.5 


2593.3 


1190.8 


1598.2 


2789.0 


58 


273.3 


0.001312 


0.0337 


1194.7 


2591.9 


1202.3 


1584.7 


2787.0 


60 


275.6 


0.001319 


0.0324 


1205.8 


2590.4 


1213.7 


1571.3 


2785.0 


62 


277.7 


0.001325 


0.0313 


1216.6 


2588.8 


1224.8 


1558.0 


2782.9 


64 


279.8 


0.001332 


0.0302 


1227.2 


2587.2 


1235.7 


1544.9 


2780.6 


DO 


281 8 


o nni 338 


0.0292 


1237.6 


2585.5 


1246.5 


1531.9 


2778.3 


6H 
DO 


Z5J.O 


0 001 34 i 


0.0283 


1247.9 


2583.7 


1257.0 


1518.9 


2775.9 


70 


285 8 


0 001 3^1 


0.0274 


1258.0 


2581.8 


1267.4 


1506.0 


2773.5 


79 

/Z 


287 7 


0 001 3^8 


0.0265 


1267.9 


2579.9 


1277.6 


1493.3 


2770.9 




989 £ 


0 001 364 


0.0257 


1277.6 


2578.0 


1287.7 


1480.5 


2768.3 


16 


1Q1 4 


0 001 371 
UiUU I 3 I 1 


0 0249 


1287.2 


2575.9 


1297.6 


1467.9 


2765.5 


/ O 


9Q3 9 


0 001 378 


0 0242 


1296.7 


2573.8 


1307.4 


1455.3 


2762.8 


ou 




0 001 384 


0.0235 


1306.0 


2571.7 


1317.1 


1442.8 


2759.9 


5Z 


996 7 


0 001 391 


0.0229 


1315.2 


2569.5 


1326.6 


1430.3 


2757.0 


5^- 


298 4 


0 001 398 


0 0999 


1324.3 


2567.2 


1336.1 


1417.9 


2754.0 


8£ 
OD 


300 1 


0 001 404 


0.0216 


1333.3 


2564.9 


1345.4 


1405.5 


2750.9 


55 


301 7 


0 001 41 1 


0.0210 


1342.2 


2562.6 


1354.6 


1393.2 


2747.8 


QO 


303 3 


0 00 1 4 1 8 


0 090SO 


1351.0 


2560.1 


1363.7 


1380.9 


2744.6 


Q9 


304 9 
JUT." 


0 001 49 ^ 


0.01996 


1359.7 


2557.7 


1372.8 


1368.6 


2741.4 


QA 


3n£ a 


0 001 439 


0.01945 


1368.2 


2555.2 


1381.7 


1356.3 


2738.0 


Q6 


308 n 


0 001439 


0.01897 


1376.7 


2552.6 


1390.6 


1344.1 


2734.7 


98 


309 5 


0 001446 


0.01849 


1385.2 


2550.0 


1399.3 


1331.9 


2731.2 


1 no 


311 0 


0 0014^3 


0 01 804 

UiUl Out 


1393.5 


2547.3 


1408.0 


1319.7 


2727.7 


IOC 

lUJ 


31 A 6 


0 001470 


0 01698 

\J,\J ID/ O 


1414.1 


2540.4 


1429.5 


1289.2 


2718.7 


1 1 A 


31 8 n 


0 001489 

U.w 1to7 


0 01601 


1434.2 


2533.2 


1450.6 


1258.7 


2709.3 


11 c 
i±J 




0 001 ^07 


0.01511 


1454,0 


2525.7 


1471.3 


1228.2 


2699.5 


1ZU 


jZH-.o 


0 001 ^97 


0.01428 


1473,4 


2517.8 


1491.8 


1197.4 


2689.2 


lOc 
1Z3 


397 8 
OZ / .0 


0 001 T47 


0 01351 


1492.7 


2509.4 


1512.0 


1166.4 


2678.4 


130 


330.8 


0.001567 


0.01280 


1511.6 


2500.6 


1532.0 


1135.0 


2667.0 


135 


333.8 


0.001588 


0.01213 


1530.4 


2491.3 


1551.9 


1103.1 


2655.0 


140 


336.6 


0.001611 


0.01150 


1549.1 


2481.4 


1571.6 


1070.7 


2642.4 


145 


339.4 


0.001634 


0.01090 


1567.5 


2471.0 


1591.3 


1037.7 


2629.1 


150 


342.1 


0.001658 


0.01034 


1586.1 


2459.9 


1611.0 


1004.0 


2615.0 


155 


344.8 


0.001683 


0.00981 


1604.6 


2448.2 


1630.7 


969.6 


2600.3 


160 


347.3 


0.001710 


0.00931 


1623.2 


2436.0 


1650.5 


934.3 


2584.9 


165 


349.8 


0.001739 


0.00883 


1641.8 


2423.1 


1670.5 


898.3 


2568.8 


170 


352.3 


0.001770 


0.00837 


1661.6 


2409.3 


1691.7 


859.9 


2551.6 


175 


354.6 


0.001803 


0.00793 


1681.8 


2394.6 


1713.3 


820.0 


2533.3 


180 


357.0 


0.001840 


0.00750 


1701.7 


2378.9 


1734.8 


779.1 


2513.9 


185 


359.2 


0.001881 


0.00708 


1721.7 


2362.1 


1756.5 


736.6 


2493.1 


190 


361.4 


0.001926 


0.00668 


1742.1 


2343.8 


1778.7 


692.0 


2470.6 


195 


363.6 


0.001977 


0.00628 


1763.2 


2323.6 


1801.8 


644.2 


2446.0 



Haywood RW, Thermodynamic Tables in SI (Metric) Units. Cambridge :^aal >»j 3 ujjia ^UUJI 
University Press, 1968. 

Reklaitis GV, Introduction to Material and Energy Balances. New York: Wiley, :<> JjJaJI 
1983. 
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M (g/mol) 


\Hf (kj/mol) 


C (T/fmol-KI 1 ) 




C(s) (graphite) 


12.011 


0 


8.527 


-393.51 


C(s) (diamond) 


12.011 


+1.895 


6.113 


-395.40 


co 2 ( g ) 


44.010 


-393.51 


37.11 




Hydrocarbons 










CH 4 (g), methane 


16.04 


-74.81 


35.31 


-890 


CH 3 (g), methyl 


15.04 


+ 145.69 


38.70 




C 2 H 2 (g), ethyne 


26.04 


+226.73 


43.93 


-1300 


C 2 H 4 (g), ethene 


28.05 


+52.26 


43.56 


—1411 


C 2 H 6 (g), ethane 


30.07 


-84.68 


52.63 


-1560 


C 3 H 6 (g), propene 


42.08 


+20.42 


63.89 


-2058 


C 3 H 6 (g), cyclopropane 


42.08 


+53.30 


55.94 


-2091 


C 3 H g (g), propane 


44.10 


-103.85 


73.5 


-2220 


C 4 H 8 (g), 1-butene 


56.11 


-0.13 


85.65 


-2717 


C 4 H 8 (g), cw-2-butene 


56.11 


-6.99 


78.91 


-2710 


C 4 H 8 (g), ira»s-2-butene 


56.11 


-11.17 


87.82 


-2707 


C 4 H 10 (g), butane 


58.13 


-126.15 


97.45 


-2878 


C s Hi 2 (g), pentane 


72.15 


-146.44 


120.2 


-3537 


C 5 H 12 (/) 


72.15 


-173.1 






C 6 H 6 (/), benzene 


78.12 


+49.0 


136.1 


-3268 


C 6 H 6 (g) 


78.12 


+82.93 


81.67 


-3302 


CgHi 2 (/), cyclohexane 


84.16 


-156 


156.5 


-3920 


C 6 H 14 (/), hexane 


86.18 


-198.7 




-4163 


C 6 H 5 CH 3 (g), toluene 


92.14 


+50.0 


103.6 


-3953 


C 7 Hi^(/), heptane 


100.21 


-224.4 


224.3 




CgHi8(/), octane 


114.23 


-249.9 




-5471 


C 8 H lg (/), iso-octane 


114.23 


-255.1 




-5461 


CioHg(s), naphthalene 


128.18 


i 70 CI 




C1 C7 

— 515/ 


Alcohols and phenols 










CH 3 OH(/), methanol 


32.04 


Zjo.oo 


51. o 


/ZD 


CH 3 OH(g) 


32.04 


—200.66 


43.89 


— /64 


C 2 H 5 OH(/), ethanol 


46.07 


1 11 fCl 

—1/ I .by 




1 1HQ 

— 1 jbo 


C 2 H 5 OH(g) 


46.07 


—235.10 


65.44 


— 1409 


C 6 H 5 OH(s), phenol 


94.12 


— 165.0 




—3054 


Carboxylic acids, hydroxy acids, and esters 








HCOOH(/), formic 


46.03 


-424.72 


99.04 


-255 


CH 3 COOH(/), acetic 


60.05 


-484.5 


124.3 


-875 


CH 3 COOH(aq) 


60.05 


-485.76 






CH 3 C0 2 (aq) 


59.05 


AQ£. fi1 

— 4&6.01 


O.J 




(COOH) 2 (s), oxalic 


90.04 


-827.2 


117 


-254 


C 6 H 5 COOH(s), benzoic 


122.13 


-385.1 


146.8 


-3227 


CH 3 CH(OH)COOH(s), 


90.08 


-694.0 




-1344 


lactic 










CH 3 COOC 2 Hj(/), 


88.11 


-479.0 


170.1 


-2231 


ethyl acetate 










Alkanals and alkanones 










HCHO(g), methanol 


30.03 


-108.57 


35.40 


-571 



792 





.(jL 1 j 0^298 




'\& ) uJ^' 






M (g/mol) Ai^ (kj/mol) C „ (T/(mol • K) ) 


Aif?(kJ/molJ 


CH,CHO(/), ethanol 


44.05 


-192.30 






— 1166 


CH 3 CHO(g) 


44.05 


-166.19 




57.3 


-1192 


CH 3 COCH 3 (/), 












propanone 


58.08 


-248.1 


124.7 


-1790 


Sugars 












CgH 12 0 6 (s), a-D-glucose 


180.16 


-1274 






-2808 


C6H 12 0 6 (s), p-D-glucose 


180.16 


-1268 








C s H 12 0 6 (s), (i-D-fructose 


180.16 


-1266 






-2810 


C 


12 H 22 On(s), sucrose 


342.30 


-2222 








Nitrogen compounds 












CO(NH 2 ) 2 (s), urea 


60.06 


-333.51 




93.14 


-632 


CH 3 NH 2 (g), 


31.06 


-22.97 




53.1 


-1085 




methylamine 












QH 5 NH 2 (/), aniline 


93.13 


+31.1 






-3393 


CH 2 (NH 2 )COOH(s), 














glycine 


75.07 


-532.9 




99.2 


-969 




.Atkins P, Physical Chemistry, 6 th 


ed. New York: W. H. Freeman, 1998 :<> JjJ?JI 
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M (g/mol) 




b.H° f (kj/mol) 


C p (J/(K-mol)) 




Aluminum 














Al(s) 


26.98 




0 




24.35 




Al(/) 


26.98 




+ 10.56 




24.21 




Al(g) 


26.98 




+326.4 




21.38 




M 3+ (g) 


26.98 




+5483.17 








Al 3+ (aq) 


26.98 




-531 








Al 2 0 3 (s, a) 


101.96 




-1675.7 




79.04 




A/Cl 3 (s) 


133.24 




-704.2 




91.84 




Argon 














Ar(g) 


39.95 




0 




20.786 




Antimony 














Sb(s) 


121.75 




0 




25.23 




SbH 3 (g) 


124.77 




+ 145.11 




41.05 




Arsenic 














As(s, a) 


74.92 




0 




24.64 




As(g) 


74.92 




+302.5 




20.79 




As 4 (g) 


299.69 




+ 143.9 








AsH 3 (g) 


77.95 




+66.44 




38.07 




Barium 














Ba(s) 


137.34 




0 




28.07 




Ba(g) 


137.34 




+180 




20.79 




Ba 2+ (aq) 


137.34 




-537.64 








BaO(s) 


153.34 




-553.5 




47.78 
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M (g/mol) 


Afl^ (kj/mol) 


C„ (J/(K-mol)) 


Barium (Continued) 








BaCl 2 (s) 


208.25 


-858.6 


75.14 


Beryllium 








Be(s) 


9.01 


0 


16.44 


Be(g) 


9.01 


+324.3 


20.79 


Bismuth 








Bi(s) 


208.98 


0 


25.52 


Bi(g) 


208.98 


+207.1 


20.79 


Bromine 








Br 2 (l) 


159.82 


0 


75.689 


Br 2 (g) 


159.82 


+30.907 


36.02 


Br(g) 


79.91 


+ 111.88 


20.786 


Br~(g) 


79.91 


-219.07 




Br-(aq) 


79.91 


-121.55 


-141.8 


HBr(g) 


90.92 


-36.40 


29.142 


Cadmium 








Cd(s, 7 ) 


112.40 


0 


25.98 


Cd(g) 


112.40 


+ 112.01 


20.79 


Cd 2+ (aq) 


112.40 


-75.90 




CdO(s) 


128.40 


-258.2 


43.43 


CdC0 3 (s) 


172.41 


-750.6 












Cs(s) 


132.91 


0 


32.17 


Cs(g) 


132.91 


+ 76.06 


20.79 


Cs + (aq) 


132.91 


-258.28 


-10.5 


Calcium 








Ca(s) 


40.08 


0 


25.31 


Ca(g) 


40.08 


+ 178.2 


20.786 


Ca 2+ (aq) 


40.08 


-542.83 




CaO(s) 


56.08 


-635.09 


42.80 


CaC0 3 (s) (calcite) 


100.09 


-1206.9 


81.88 


CaC0 3 (s) (aragonite) 


100.09 


-1207.1 


81.25 


CaF 2 (s) 


78.08 


-1219.6 


67.03 


CaCl 2 (s) 


110.99 


-795.8 


72.59 


CaBr 2 (s) 


199.90 


-682.8 




Carbon 








C(s) (graphite) 


12.011 


0 


8.527 


C(s) (diamond) 


12.011 


+ 1.895 


6.113 


C(g) 


12.011 


+716.68 


20.838 


c 2 (g) 


24.022 


+ 831.90 


43.21 


CO(g) 


28.011 


-110.53 


29.14 


C0 2 (g) 


44.010 


-393.51 


37.11 


CO,(aq) 


44.010 


-413.80 




H,C0 3 (aq) 


62.03 


-699.65 




HC0 3 (aq) 


61.02 


-691.99 






60.01 


-677.14 




ccl,(0 


153.82 


-135.44 


131.75 


CS 2 (/) 


76.14 


+ 89.70 


75.7 


HCN(g) 


27.03 


+ 135.1 


35.86 


HCN(/) 


27.03 


+ 108.87 


70.63 


CX~(aq) 


26.02 


+ 150.6 


(Continued) 
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M (g/mol) 


AH? (kj/mol) 


C„ (J/(K-mol)) 


Chlorine 










70.91 


0 


33.91 


Cl(g) 


35.45 


+ 121.68 


21.840 


cr(g) 


35.45 


-233.13 






35.45 


-167.16 


-136.4 


HCl(g) 


36.46 


-92.31 


29.12 


HCl(aq) 


36.46 


-167.16 


-136.4 


Chromium 








Cr(s) 


52.00 


0 


23.35 


Cr(e) 


52.00 


+396.6 


20.79 


CrO^"(aq) 


115.99 


-881.15 




Cr 2 0?~(aq) 


215.99 


-1490.3 




Copper 








Cu(s) 


63.54 


0 


24.44 


Cu(g) 


63.54 


+338.32 


20.79 


Cu + (aq) 


63.54 


+71.67 




Cu 2+ faq) 


63.54 


+64.77 




Cu 2 0(s) 


143.08 


-168.6 


63.64 


CuO(s) 


79.54 


-157.3 


42.30 


CuS0 4 (s) 


159.60 


-771.36 


100.0 


CuS0 4 • H 2 0(s) 


177.62 


-1085.8 


134 


CuS0 4 • 5 H 2 0(s) 


249.68 


-2279.7 


280 


Deuterium 








D 2 (g) 


4.028 


0 


29.20 


HD(g) 


3.022 


+0.318 


29.196 


D 2 0(g) 


20.028 


-249.20 


34.27 


D 2 0(/) 


20.028 


-294.60 


84.35 


HDO(g) 


19.022 


-245.30 


33.81 


HDO(I) 


19.022 


-289.89 




Fluorine 








F 2 (g) 


38.00 


0 


31.30 


F(g) 


19.00 


+78.99 


22.74 


F-(aq) 


19.00 


-332.63 


-106.7 


HF(g) 


20.01 


-271.1 


29.13 


Gold 








Au(s) 


196.97 


0 


25.42 


Au(g) 


196.97 


+366.1 


20.79 


Helium 








He(g) 


4.003 


0 


20.786 


Hydrogen 








H 2 (g) 


2.016 


0 


28.824 


H(g) 

H + (aq) 

H + (g) 


1.008 


+217.97 


20.784 


1.008 


0 


0 


1.008 


+ 1536.20 




H 2 0(/) 


18.015 


-285.83 


75.291 


H 2 0(g) 


18.015 


-241.82 


33.58 


H 2 0 2 (/) 


34.015 


-187.78 


89.1 


/odz'ne 








Ii(s) 


253.81 


0 


54.44 


Ii(g) 


253.81 


+62.44 


36.90 
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/kz (g/ moi j 




C P (J'( K - moi); 


Iodine (continued) 








1(g) 


126.90 


+106.84 


20.786 


I (aq) 


126.90 


-55.19 


-142.3 


HI(g) 


127.91 


+26.48 


29.158 


Iron 








Fe(s) 


55.85 


0 


25.10 


Fe(g) 


55.85 


+416.3 


25.68 


Fe 2+ (aq) 


55.85 


-89.1 




Fe 3+ (aq) 


55.85 


-48.5 




Fe 3 0 4 (s) (magnetite) 


231.54 


-1118.4 


143.43 


Fe203(s) (hematite) 


159.69 


-824.2 


103.85 


FeS(s, a) 


87.91 


-100.0 


50.54 


FeS 2 (s) 


119.98 


-178.2 


62.17 


Krypton 








Kr(g) 


83.80 


0 


20.786 


Lead 








Pb(s) 


207.19 


0 


26.44 


Pb(g) 


207.19 


+ 195.0 


20.79 


Pb 2+ (aq) 


207.19 


-1.7 




PbO(s, yellow) 


223.19 


-217.32 


45.77 


PbO(s, red) 


223.19 


-218.99 


45.81 


Pb0 2 (s) 


239.19 


-277.4 


64.64 


Lithium 








Li(s) 


6.94 


0 


24.77 


Li(g) 
Li + (aq) 


6.94 


+ 159.37 


20.79 


6.94 


-278.49 


68.6 










Mg(s) 


24.31 


0 


24.89 


Mg(g) 


24.31 


+147.70 


20.786 


Mg 2+ (aq) 


24.31 


-466.85 




MgO(s) 


40.31 


-601.70 


37.15 


MgC0 3 (s) 


84.32 


-1095.8 


75.52 


MgCl 2 (s) 


95.22 


—641.32 


71.38 










Hg(l) 


200.59 


0 


27.983 


Hg(g) 


200.59 


+61.32 


20.786 


Hg 2+ (aq) 


200.59 


+171.1 




Hgi + (aq) 


401.18 


+ 172.4 




HgO(s) 


216.59 


-90.83 


44.06 


Hg 2 Cl 2 (s) 


472.09 


-265.22 


102 


HgCl 2 (s) 


271.50 


-224.3 




HgS(s, black) 


232.65 


-53.6 




Neon 








Ne(g) 


20.18 


0 


20.786 


Nitrogen 








N 2 (g) 


28.013 


0 


29.125 


N(g) 


14.007 


+472.70 


20.786 


NO(g) 


30.01 


+90.25 


29.844 


N 2 0(g) 


44.01 


+82.05 


38.45 


N0 2 (g) 


46.01 


+33.18 


37.20 


N 2 0 4 (g) 


92.01 


+9.16 


77.28 


N 2 O s (s) 


108.01 


-43.1 


143.1 

( Continued) 
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Al (g/mol) 


AH? fkT/moll 




N 2 0 5 (g) 


108.01 


+ 11.3 


84.5 


HN0 3 (/) 


63.01 


-174.10 


109.87 


HN0 3 (aq) 


63.01 


—207.36 


—86.6 


N0 3 (aq) 


62.01 


—205.0 


—86.6 


NH 3 (g) 


1 /.03 


—46.11 


35.06 


NH 3 (aq) 


17.03 


— 80.29 




NH|(aq) 


18.04 


— 132.51 


79.9 


NH 2 OH(s) 


33.03 


— 114.2 




HN 3 (/) 


43.03 


+264.0 


43.68 


HN 3 (g) 


43.03 


+294.1 


98.87 


N 2 H 4 (0 


32.05 


+50.63 


139.3 


NH 4 N0 3 (s) 


80.04 


—365.56 


84.1 


NH 4 Cl(s) 


53.49 


—314.43 




Oxygen 








o 2 (g) 


31.999 


0 


29.355 


O(g) 


15.999 


+249.17 


21.912 


o 3 (g) 


47.998 


+ 142.7 


39.20 


OH (aq) 


17.007 


-229.99 


-148.5 


Phosphorus 








P(s, wh) 


30.97 


0 


23.840 


P(g) 


30.97 


+314.64 


20.786 


Pi(g) 


61.95 


+ 144.3 


32.05 


P4(g) 


123.90 


+58.91 


67.15 


PH 3 (g) 


34.00 


+5.4 


37.11 


PCl 3 (g) 


137.33 


—287.0 


71.84 


PC1 3 (/) 


137.33 


-319.7 




PClj(g) 


208.24 


—374.9 


112.8 


PClj(s) 


208.24 


-443.5 




H 3 P0 3 (s) 


82.00 


—964.4 




H 3 P0 3 (aq) 


82.00 


-964.8 




H 3 P0 4 (s) 


94.97 


-1279.0 


106.06 


H 3 P0 4 (/) 


94.97 


— 1266.9 




H 3 P0 4 (aq) 


94.97 


— 1277.4 




P0 4 (aq) 


94.97 


— 1277.4 




P 4 O 10 (s) 


283.89 


—2984.0 


211.71 


P 4 0 6 (s) 


219.89 


— 1640.1 




Potassium 








K(s) 


39.10 


0 


29.58 


K(g) 

K + (g) 

K + (aq) 


39.10 


+89.24 


20.786 


39.10 


+514.26 




39.10 


—252.38 


21.8 




56.11 


—424.76 


64.9 


KF(s) 


58.10 


-576.27 


49.04 


KCl(s) 


74.56 


-436.75 


51.30 


KBr(s) 


119.01 


-393.80 


52.30 


Kl(s) 


166.01 


-327.90 


52.93 


Silicon 








Si(s) 


28.09 


0 


20.00 


Si(g) 


28.09 


+455.6 


22.25 


Si02(s, a) 


60.09 


-910.94 


44.43 


Silver 
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M (g/mol) 


hH° f (kj/mol) 


C p (J/(K-mol)) 


Ag + (aq) 


107.87 


+ 105 58 


91 Si 


AgBr(s) 


187.78 


-100.37 


52.38 


AeCl(s) 


143.32 


-127.07 


50.79 




231.74 


—31.05 


£^ 8£ 




169.88 


-129.39 


93.05 


Sodium 








Na(s) 


22.99 


0 


28.24 


Na(e) 


22.99 


+ 107.32 


20.79 


Na + (aq) 


22.99 


-240.12 


10.1 


NaOH(s) 


40.00 


—425.61 


<\9 ^4 


NaCl(s) 


58.44 


-411.15 


JU.JU 


NaBr(s) 


102.90 


-361.06 


Jl.JO 


Nal(s) 


149.89 


-287.78 


52.09 


Sulfur 








S(s, ct) (rhombic) 


32.06 


o 


99 


S(s, fi) (monoclinic) 


32.06 


+0.33 


Z. J.O 


S(e) 


32.06 


+278.81 


93 £73 




64.13 


+ 128.37 


32.47 




32.06 


+33.1 






64.06 


—296.83 


39 87 




80.06 




£7 




98.08 


-813.99 


138.9 


HiSO^Caal 


98.08 


—909.27 


— 9Q3 


SOl"faa) 


96.06 


-909.27 




HSOi"(aq) 


97.07 


—887.34 


—84 




34.08 


—20.63 


34. 9 3 




34.08 


—39.7 




HS"(aq) 


33.072 


-17.6 






146.05 


— 1209 


97 98 










Sn(s, P) 


11 8. 69 


o 


16 99 


Sn(e) 


118.69 


+302.1 


90 9£ 


Sn 2+ (aq) 


118.69 


-8.8 




SnO(s) 


134.69 


-285.8 


44.31 


Sn0 2 (s) 


150.69 


-580.7 


52.59 


Xerao« 








Xe(g) 


131.30 


0 


20.786 


Zinc 








Zn(s) 


65.37 


0 


25.40 


Zn(g) 


65.37 


+ 130.73 


20.79 


Zn 2+ (aq) 


65.37 


-153.89 


46 


ZnO(s) 


81.37 


-348.28 


40.25 



.Atkins P, Physical Chemistry, 6 ed. New York: W. H. Freeman, 1998 :<> J jJ?J 
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C 11 


j • 11 


M (g/mol) 


1 11 11 


AH c (kj/mol) 


Acetaldehyde 


C 2 H 4 0 


44.053 


/ 


-1166.9 








g 


-1192.5 


Acetic acid 


C 2 H 4 0 2 


60.053 




-874.2 








g 


-925.9 


Acetone 


C 3 H e O 


58.080 


/ 


-1789.9 








g 


-1820.7 


Acetylene 


C 2 H 2 


26.038 


g 


-1301.1 


Adenine 


C5H5N 5 


135.128 


c 


-2778.1 








g 


-2886.9 


Alanine (D-) 


C 3 H 7 0 2 N 


89.094 


c 


-1619.7 


Alanine (l ) 


C 3 H 7 0 2 N 


89.094 


c 


-1576.9 








g 


-1715.0 


Ammonia 


NH 3 


17.03 


g 


-382.6 


Ammonium ion 


NH 4 






-383 


Arginine (D-) 


C 6 H 14 0 2 N 4 


174.203 


c 


-3738.4 


Asparagine (l-) 


C 4 H 8 0 3 N 2 


132.119 


c 


-1928.0 


Aspartic acid (l-) 


C 4 H 7 0 4 N 


133.104 


c 


-1601.1 


Benzaldehyde 


C 7 H 6 0 


106.124 


/ 


-3525.1 








g 


-3575.4 


Biomass 


CHi 8 O 0 .5N 0 2 


25.9 


s 


-552 


Butanoic acid 


C 4 Hg0 2 


88.106 


/ 


-2183.6 








g 


-2241.6 


1-Butanol 


C 4 H 10 O 


74.123 


/ 


-2675.9 








g 


-2728.2 


2-Butanol 


C 4 H 10 O 


74.123 


/ 


-2660.6 








g 


-2710.3 


Butyric acid 


C 4 H 8 0 2 


88.106 


I 


-2183.6 








g 


-2241.6 


Caffeine 


C 8 H 10 O 2 N 4 




s 


-4246.5* 


Carbon 


C 


12.011 


c 


-393.5 


Carbon monoxide 


CO 


28.010 


g 


-283.0 


Citric acid 


C 6 H 8 0 7 




s 


-1962.0 


Codeine 


C 18 H 21 0 3 N.H 2 0 




s 


-9745.7* 


Cytosine 


C 4 H 5 ON 3 


111.103 


c 


-2067.3 


Ethane 


C 2 H 6 


30.070 


g 


-1560.7 


Ethanol 


C 2 H 6 0 


46.069 


/ 


-1366.8 








g 


-1409.4 


Ethylene 


C 2 H 4 


28.054 


g 


-1411.2 


Ethylene glycol 


C 2 H 6 0 2 


62.068 


I 


-1189.2 








g 


-1257.0 


Formaldehyde 


CH 2 0 


3U.026 


g 


— j /U./ 


Formic acid 


CH 2 0 2 


46.026 


/ 


-254.6 








g 


-300.7 


Fructose (d-) 


CeHi 2 0 6 




s 


-2813.7 


Fumaric acid 


C 4 H 4 0 4 


116.073 


c 


-1334.0 


Galactose (D-) 


C6Hi 2 0 6 




s 


-2805.7 


Glucose (d-) 


C6H 12 O s 




s 


-2805.0 


Glutamic acid (L-) 


C5H 9 0 4 N 


147.131 


c 


-2244.1 


Glutamine (L-) 


C 5 H 10 O 3 N 2 


146.146 


c 


-2570.3 



799 











:(^) 9.£ JjJaJ 










-I - \M - 1 




mil 


Az (g/mol) 




A// ( , (kJ/mol) 




I . r 1 1 fil / >i 


132.116 


c 


-2150.9 


vmril 




92.095 


I 


-1655.4 








Q 

b 


-1741.2 


vjiy cine 




75.067 


c 


-973.1 


Ct1vCO0"PT1 


f C^Hi nOJvDer ke 




S 


-17530.1* 


Guanine 




151.128 


c 


-2498.2 


Hexadecane 


^ lb 


226.446 


/ 


-10699.2 








g 


-10780.5 




V , 1 I I -) "> V )"> 

^lo- 1 - 1 32 v -'2 


256.429 


c 


-9977.9 








/ 


-10031.3 








g 


-10132.3 


Histidine (l-) 


C s Ho0 7 Nj 

*7 V Z J 


155.157 


c 


-3180.6 


1— f vrl rnppri 


H, 


2.016 


s 


-285.8 


T- Tvnrop'fri Qiimhinp 


H 2 S 


34.08 




-562.6 


Inositol 


^ O 1Z O 




s 


-2772.2* 


Isoleucine 




131.175 


c 


-3581.1 


Tsnninnolinf 


C 9 H 7 N 


129.161 


/ 


-4686.5 


Lactic acid (D, L-) 


^J 1 b 3 




/ 


-1368.3 


T affriSf 


V i 1 ^ I I T- 1 X /11 




s 


-5652.5 






131.175 


c 


-3581.7 






131.175 


c 


-3581.6 


T ire i Tif> 

.Lysine 


v ^6 r:1 14 v -'2 i>l 2 


146.189 


c 


-3683.2 


Malic acid (L-) 


D .I 




s 


-1328.8 


IVIalonic acid 


Ci 3 H. A\J A 




s 


-861.8 


A^Laltose 


^ iz -*-zz ^ 1 1 




s 


-5649.5 


M^annitol (d-) 


^o-* A 14 w D 




s 


-3046.5* 


Methane 


CH 4 


16.043 


g 


-890.8 


\Ae*t n a n c\ 1 


CH 4 0 


32.042 


/ 


-726.1 








& 


-763.7 


Morphine 


C 17 H l9 0 3 N.H 2 0 




s 


-8986.6* 


"NJirr>t"inp 


C j 1 /~\ r~ ■ -1 a 1 




/ 


-5977.8* 


Cmpi!" 1 af-ir! 


^lo* A 34 v - / Z 




/ 


-11126.5 


Oxalic acid 


C 2 H 2 0 4 


90.036 


c 


-251.1 


Papaverine 


CinHiiCUN 




s 


-10375.8* 


JTClJ.ld.llC 


C5HJ2 


72.150 


/ 


-3509.0 








g 


-3535.6 


PriariTrl >i Mmnp IT— 1 
1 IlCliyid-ldlllllC ^ J— J 




165.192 


c 


-4646.8 


Phtrislic acid 


5 A x 6 4 


166.133 


c 


-3223.6 


rxoiine [L-j 




115.132 




-2741.6 


Propane 


C3H8 


44.097 


g 


-2219.2 


1-Propanol 


C 3 H 8 0 


60.096 


/ 


-2021.3 








g 


-2068.8 


2-Propanol 


C 3 H 8 0 


60.096 


/ 


-2005.8 








g 


-2051.1 


Propionic acid 


C 3 H 6 0 2 


74.079 


/ 


-1527.3 








g 


-1584.5 



800 











:(t>ti) 9. £ JjJaJ 
















M (g/mol) 




A// ( °(kJ/mol) 


1,2-Propylene glycol 


C 3 H g 0 2 


76.095 




-1838.2 








g 


-1902.6 


1,3 -Propylene glycol 


C 3 H 8 0 2 


76.095 




-1859.0 








g 


-1931.8 


Pyridine 


CjHjN 


79.101 


/ 


-2782.3 








g 


-2822.5 


Pyrimidine 


C 4 H 4 N 2 


80.089 


/ 


-2291.6 








g 


-2341.6 


Salicylic acid 


C 7 H 6 0 3 


138.123 


c 


-3022.2 








g 


-3117.3 


Serine (l-) 


C 3 H 7 0 3 N 


105.094 


c 


-1448.2 


Starch 


(C 6 H 10 O 5 ) a per kg 




s 


-17496.6* 


Succinic acid 


C 4 H 6 0 4 


118.089 


c 


-1491.0 


Sucrose 


C12H22O11 




s 


-5644.9 


Thebaine 


C 19 H 21 0 3 N 




s 


-10221.7' 


Threonine (L-) 


C 4 H 9 0 3 N 


119.120 


c 


-2053.1 


Thymine 


C 5 H 6 0 2 N 2 


126.115 


c 


-2362.2 


Tryptophan (L-) 


C n H 12 0 2 N 2 


204.229 


c 


-5628.3 


Tyrosine (L-) 


C 9 H n 0 3 N 


181.191 


c 


-4428.6 


Uracil 


C 4 H 4 0 2 N 2 


112.088 


c 


-1716.3 








rr 
6 


— 1842.8 


Urea 


CH 4 ON 2 


60.056 


c 


-631.6 








g 


-719.4 


Valine (l-) 


C 5 H n 0 2 N 


117.148 


c 


-2921.7 








g 


-3084.5 


Xanthine 


C 5 H 4 0 2 N 4 


152.113 


c 


-2159.6 


Xylose 


C5H10O5 




s 


-2340.5 



Handbook of Chemistry and Physics, 57 th ed., Boca Raton, FL: CRC Press, :<> cjULJI 



1992, Handbook of Chemistry and Physics, 73 rd ed., Boca Raton, FL: CRC Press, 1976, 
and Felder RM and Rousseau RW, Elementary Principles of Chemical Processes, 
London, Academic Press, 1995. 
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C0 2 _! AH" = 0 lil -ls> N 2 j «J5U H 2 0 j ^jli CO, :^ jl j^YI gil y J o-i*' 

.^jUll N 2 j iJjLuJI H 2 0 j ^jUJI 

. jjliLa C " - S 4(JjUj / l jlc. g I4JUJI 
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^1 ^ jU. J (_^J=^ jj^jc. JMk j> jjjj Sj5 : (surface force) AjaJau. SjS 
iSl£]| s js IjjLal ^ j ^ ojjoiIj ^^jotJI ^ Jijj s j5 :(body force) Ajaua SjS 
(jaiLij (J _lc (jJa^j juoia. jjj jl) (jjj Ij^jj oj5 : (contact force) AouLu SjS 
^ <]a ju^iall ^jliill .AiiaJI 2^11 ^ ^l^ll ^tij ^Ijjil ^.la : (accuracy) L±ua 
jj^ii Jj^j ci^-a J cl^LLkij (jJjSl! jtjljj ls- 14 : (precision) Aib 

2jjJiill s^iil ^jJI (jjjJii]l) (jJljjjjVl uj-'ja : (epinephrine) cajajiw! 

j]I Ajjj^axJI 4_a jialaJI ^ A^^lj^il] 2 il ■>,*,, .Nft ^3 liljUijj 2jj| (_£jLa_a]l jJj 

.*LJI ^ Luj^. j^bj ^L^l :(weak base) < ij* - ^ o-Li 
.frLaJI LJ£ j^bj : (strong base) ^jfl 
Jjj^J ^jjj^I aIUJI (> ^jVI ^^kaJI : (basal metabolism) ^JjJ i_£tfU 

1 ■ llflll j 2j Sj^axJI 2-a jlilall 2_iu,LuVl 2JajijVl ^jlc ialiaJI j - 1 aa II ^ 2jMj«i< tlL^claij 

^ ■ " ■ ^ l jW 1 (jLaj ^1 ^jj! jaJI : (Escherichia coli) Uuyjiuit 
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(> J J^xIl^j i_£Uiu£U *<^j^ : (acetyl coA) A tiSjIuLAl) J^-Vl fjjj} 

sj-aj <_^ajJa (j_jJj£JI Cjljj (Jaa. AjojJJjSI Ala^-aj .AjjJaJI AjjUajSII CiMclijll 
AjjA Jl (j^a j^aj j t ■ IjSjJ J ^ jj-S A liljUUI fjj&U :(CoA) A d jLuu> ajjjl 

AjiJaj ajjU-uS oj^j Jiu jxjjj] y tAjjj^Jl *Ij-<^I yi : (transferase) JaU ^jjjj 

(j^ A^ij JAxJI Jc. (jLijiaJ (jJjl jj J) A-AaJI Si _jj ^LuSjl :(mitOSis) JjLsia ^jli atu&l 

j to^ i j JjJj jliuJU j>2 <1U :(heat exhuastion) l?Jj»> 

.^jjtaJ J ^!iLaVlj (JjIjjoJI (j-akj Jl Aj2.jLa. Ajjlja. AjjjJa 

CjV j-a JAC. (jfc jjxj frUojSlI ,J JaiMun AjjiaV s^a. j :(0SlT10le) J>«jjl 
1 jj ^ jjj j- call J jla a 4^>\iLa ^ajJal liSI Jjla all la* ■ a J -» ujj j]| jLia.i£II 

(^1 .CI" —SI j Na + —II °yH J J^ Li*- 0 ufe ^ 2 osmol/L <> (jj^- 0 ^ 1 mol/L 

. Jjia_a]| J jjj _J-ojjl g| .'"*»,' t_l^J-all (j^i J J-a (JS (jl 

ajcjVi Jll ((jjlAiijj) a j w . all Ciliij jjA\ Ac ja^a : (bradykinin) cjjjjSjjI jj 

.^jll jjaliajl Jl lil J Ajj^JI 

^Ujll A^jl l^Lljj Ajclia oljjjjjj ^immunoglobulin Ig) 4jeli»it cAlujji 

^1 _jjVI lillij tAiiii_a jil^a Clllj l^-La ^1 _jjl A l.i^-n Aajj .(_5jllill J jax!\ J Ajjlixulll _jjjiJI 

.IgM JgG dgE dgD dgA :^ 
(> jjj^ J ^jjj cA±ja j^JI Jat aJUs s^La ^prostaglandin) ^jjj!ilc.llu.jjj 

laj i 'a J J^J^ (jl U^^J U^ 3 _JJ-ajSlj ^JJ?^I A^a.lj^J ^tjiij c( ( _ s aa1! Aj-ali.j) - 1 aa II A_a_uijl 
l^J j AjjA^ll (_^a j-aaJI (j^i J"^ " ^jA dlljj.lj^lc.\j i n JJjll J ' " ■ SI Aiajoijlj l ■ LylSluiVI j ^jll 
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- ^jmaJI ojl^p. ^J^ 1 " j <-aC.U31 t * <N . U» u L "\\ ualSjj t ** )l jl j S^Ljax (JjfrlLa 

ajLlU ^ jkuJ) (jkii ^11 <5jaj3l i£UJ <LL : (endothelium) ^j^-ill flftjJI 4-iUaj 

.frit _jjl jl-li. 4jSJj jLaJI jaJI (JJJ <j J^o <Jj^lJI Ajc- j!iU 

Jc. s jii l^jSl ^jjj^jj^ yi s^j- c^jl DNA —31 t> ^ :(plasmid) Jj-J^j 

| 4jj|j_j]| <^^J| ^Jfc j .LjjiliJI LpLs. ^ Ulc. Uiaj ^jlill 

.\jjjj£j3I Qji Aiili-a (jjjaj (jjj IgJlaijl 

• e^jaj ^ jjJJ^ lJ ji d^J (jk. lSj^J ia^uJ (^.jlaJ jSLa :(tnOSe) jjjljJ 

jkil .jsJJI I jjL« j^>3l : (molar concentration) JjSjj 

<> y ^ J^>^ J (Jclia : (equilibrium reaction) Qjljl* Jclij 

A in ■«! CjLijUI j CjIjaia jjj^il t*Kia ojjjjjj : (glycolysis) 

iajjj <jj ^1 cAjjjiill (^ISSjI *LS& jjc CiLjjjVl Jilij :(chemiosmotic) <jjji £-iaLu 

5.1£| 11 c-Lic. jjc. (jJa^ JJ ll CliLj_jjl A£ji. j ATP (jJ j^-lV dlliui j3 ^jJ^J Ail jJ (jJJ 

(> t^LLa ^jjHjjj : (adenosine triphosphate ATP) Lyjji&t £Ai*-$a ^j^j 

<JjlaJI <"^r.li*U jjjjjj]! <aUa]| jAj-a-o JlaJj ' " ' ^ ^ 7~ ■ nj1 J -JjJJ (jjj^^VI 

.Ajjjiii jj^u^bu ajjjiJI s^j3i : (nucleotide) AujjKjjj 
(^ill ojjjjjVl ji-j : (adenosine diphosphate ADP) cajjlftM cjliuija ^ 

: (nicotinamide adenine dinucleotide NAD) ctfjjSfl ALaUujlu jjjjjISjjj <^JIj 
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(_J ts^^ J (j^j^VI (JjiLujI ^j^t j"" 1 -,.' LaAJaJ t Ajjljjai jill LaA^aj ^ U , „l ^jj (jjJajl jj-o 

■ lixlj u 1^1 1 

si J cjlj=^>. J fjuiij ^ill ja ^jjuol! ^1& J :(septum) J*-ali Jja. 



.(_JSH J jjjji^l jjj J^lill *Liil1 : (interatrial septum) J*ali Jja. 

.i_JSB J L«i}i41l ofj J^lill eLiill ^interventricular septum) ^j-ijiaj J^ali Jja. 

^^11 j L£U. J& (/i^ cr^ o-^j^ 11 (jlal" :(Langerhans) (j*faj£2 jja. 

.1869 fie J o-sU >jV jUlVl (JU1I l^iJaSI Jllj (oUj^ll yr/nll) 

ijiaiA t> jj^i : (sympathetic nervous system) AjjjII Aj^uaxil ^jiaiall 

fjll Lij i a Asjj3 1 4 jij la _jll 4jjja II (JjC-lLall 4-ui£l«-a Jc (_Uaj j (_£jliill J j-aaJI (jx 4jj L all 
.(jjxll jijij Ajj^ijll AjC. jVI ■ iaJ j 4_^ajJafrll CjI JcLoball jjjlLa aiau j 

'(CH 3 COCOOH) Ajii^ jjlll fjje uixa. :(pyruvic acid) j»>-aaJI ji^ 

. ^!aaall j ■ ■ t)l 3j ."VI J Lag-a I iaJ i a j 4 n jj (jjSjjj 

.*Lall J Luja. jjlli (ji-aa. : (weak acid) (Jjauia jitt 

.^Lall J UK ^bj jj^aa. : (strong acid) <|jS 

(JJi^iaj J«Ja-« Cjli ojill «.Ulj £-L-aJ ojla : (polylaCtiC add) JJ*1s 

■ VI e\t"uA <JjjaJI (jjljlll ja£l jj-a oJa.1 j ^^Aj < aijll (j^i <C ji* a-all (jjljlll (jji^la j La-aS 

(jl (j^aJj i4 llaJI pLjjc. ojLa (j- 0 £JA-aj ALlJa Ajcli^, <tUa : (liposome) Jii Jluajja. 

.(j^aljxiVl (yo OJJC. j Ajjfkll fljjVl LpLa. JI <lfljl eljjllj !M-aJ 

: (standard temperature and pressure) £LjL>»ll LLJallj SJjaJI Aajj 

. j^lj ^ ii^j (0°C ) 273K 

: (biological temperature and pressure) ljWj^ 1 JaLiflj SJjaJI a^jj 
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jaJj ^ (37°C ) 310K 
j-uljj ja oh^^ 1 o^j^' lsjj^ 1 o^JI ^deoxyribonucleic acid DNA) Uj 

CjljUill Jj-a^ coj-aJll o^>. s j>> :(Krebs cycle) <_wj* 

^jl| <5Uall Ajllxll CjILlu jill OL£j^i JjiluiVl ClAj^j^l l.lm£jx LlASIluI j a ■ aJJ j AjLkJI 

.AjjLkll AiUall £jia JiaJ 

jj^aLij Ajiial (j-oj iojIj^JLj j^iljj f.La3L J!iLsJ!iU Jjli Ujmj jiijjj : (albumin) JVJ 

.fjotaJI ^Jl L>>lj (>^a 

J Aj^jjjj J a^jjjs OUL S <<.-,..« L£UJ :(lysate) ^ LfAaJ JjLu. 

(jjj j> jj _pll ^ ^1 ^ jSlb ^^uu » j lyiK^ll jJc (> ji : (statics) cjtujiu. 

(jjjjjlijjiuJI s jji. qa £ jiijj a^Lui sjLi : (ouabain) (ljjjIj) ^-11 

SJLa j.^i 4 jui 1^3 4 alS (jjjl j) t_llkll UMi. 4 lnir.l ~JJ ait ^1 LljLauJax Ajoij j cAjjI jOluVI 

lil jij plsj ^a JjL- <^a -us jL L > j1 ^; ja. j : (siphon) cijiu- 

lila .»Uyi ^ ill J^LJI Jet 
Lulaij (ja^j 4<ajjla (_^L AjWI ^ ^jliSI Jl J jVl i-ajlall (j* (_j jjjVl j^a JjLJI 

j^JI laj i a3l JJjIj ' 

jji^jill jj^aa. j 4jjAJ (>=>a^. (> Aj^-a CjL£ : (phospholipids) ^JJjiuijS 

.LliLiJI 4juir-l dlLjj^a |_j-a La^a ljj£-a ^XJ j I ^ iia Jj"'j'' j 

e Jjk-aJI ^ A%ki (-lju ^jJI ki ■ ai l ja :(osmotic pressure) (^a^lu ImLa 
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. j jilll ■ L^aj sLiiJI jjc. aJI *Lail Jja-Ij 
.fUll t^UJI Jl <auu1U ki i ai l ja : (absolute pressure) i»-ia 
^ ka. *ll j\ Ui.-^W J) (j^lLall IlLjJI jA : (gauge pressure) <_hIa» L^ua 

. Jjllia JauLua jiajl . J-. 

gr auj a Liil1 iai^JI <> Je! <^-^-" ^ J jl^l <i^> : (hypertonic) jjjjJI Jlc- 

.Aja. Ajli. (J^l^ ^ajJal llll ia» i ia]| (j^i Jtl jl jiA (J jla a] 

kijjJ t> t^-^ 3 ^-" ^*^ 3 Jjl^-a! Ai*^. : (hypotonic) jjjjJI o^i^in 

.Ada. Ajli. (Ji.lj ~* 1 --^ \"\\ iaa ■ '— II jl (J jla a! ■ '—I lill 



iUall .kijJall ^jLuy Ci _a^llj iaij^a J jla_al Aij-a :(iSOtOnic) JJJ^I ^jLuila 

.Aja. Ajla (Ji.lj ■ '— I llll la» i iall (_£ jL^J j .J^ J jl^-al 

jjSji c-ijlial ^>i*]l ^jlt jill : (potential of Hydrogen pH) 5^aj^aJ| 

Jl I jZiya 14 Jj 1 (> ^ J^o j»Lu Jc JlaJj 4 mol/L — J I JiLa (jj=>.jJ^JI I— lljji 
pH >7 ^ic. j tj-iix^i J jla all jl J*J pH = 7 A ajS3l) J jla «JI AauiLuiI jl AjJa j-aa. 

(Lii iaxa J jla all (jj^J pH < 7 j cLiuA-uil (J jla all 

J Aaj Jl l^Ulil ^^jj aJAia aL^c : (extensor muscle) Sj'a^ 4lua& 

. ^ > \l £ya 



(j^jjsjI] SjL ^ jll ^^Jl J jjau^Vl oaii s jAlii : (hypoxia) jj& 



.Ait 



!)lla Jx^j J (jlaj ^jLkll JjL-aSI oljjjjjj J oijj : (acid load) 4-ia>»aJI Jajfl 

.^^11 fjA (jjjj£ll Aiui^l jljJ JJjjjll -kj3 (j-o 

jjj 1 ft . ;-<» j (jc. Ajl/olxi Ji^aaj AiaJLu-a j ■mtaj ^ ^Jill ^Ijil :(pheresis) fjJI 

.ja^taJI Jl Aj^Ix.1 

dli^jill ai^-jJ j-ylt J (triose phosphate) jjJ Jill oli^ja :(pgal) ^j^ui Ciliuija 
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«— »t jLu-a (> aiaxJI Jaj^j ^L-ajS ja (glyceraldehyde 3 -phosphate) JZXA\ 

Jjlia ^ Aiuaa^> ajjjxII SjUxll ^1 .iVi.«l ja ^jLUI : (resultant force) 3jjl>« S ja 

3m^U<iB s jSl! (^jix^j Cjjjj jia k_Jj£1I I 1a L«1 .J»ill UL*-a ja tillij tresultant force 

jAj t AaLU3 j a^Ji L£UJ] ^LJ ^ y±c JjLa : (carbohydrates) CiIjJjAjjjS 

4_Lmjj j jj^jjAlAj (jjJJ^ (>a ). r-i ' lS >a 

.1:2 ^ ojj^Vi 
^ bLuel ^jljJI olj'jl* cL^ai] oliffl ^chromatography) Lai j£.jjL»jj£ 

^ ^J^j sJiJ <jt* sA 3 ^- ^«h'ria AaL : (chromosome) 

.4ijUa .<■».** j DNA !L AAl^jLi Oljjj j_>Jj " - i '','7- 11 (j-o IjJJ^ J"^J AaJ j DNA 

aAL\\ frLic jjc. J^-o^j (jjJI Ajk_<Jl Aiiljsli Ciljjij : (action potential) di-iaJl 

IfrLa j 9 jljiLyu^U aJjISII UMiJI (j^i Jj^tll I - 1 la 11 dlLj j-a£ i*'^' j * <<' a& 4 1 iajj (JLuiJjl ^'"*- 

^Lul (>aja4j jLyKH (jiijjj ^erythropoietin) *l>»aJl dLjSJl JjIjj o^j*- 4 
Ailik-a C1L1 j-Xal j «La (> j'jla J : (crystalloid) $ Jjjj JjIs-* 

- ■ "7- II ^ ^\ (jljjJ ^^Ic lal »^ II 9.1c. 1 ni nil JJJjll (jjJJ^a (3 '^i^-all ^ Jj 'frLJL a 1 

c^jjUaJI c£-a AjjLij^ 4lUa j ^jia qa AiaJill L_l3LJI ujjUl jA :(anode) J**A« jl Jjjl 

.AjjLij^£1I Sal UU , „^tt j, —.'■>— At A II 1 . '7- i_jjla]l jA j 

giu SliLaia Aj-a^a. obLja-a : (monoclonal antibodies) 3Jiuu2l Sjj^j SjLuxs j»LuAl 
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LJjj 4»l ^ V ^iSI ^-^UJIj AaJUJI : (destination therapy) Aja^ ^?JUl4 

^ > Ij] t^AiLa ' ■ llSlI ^^jJa^a <ULa. ^ .(_$ji.VI dllaJla all £^l_ajl ^ ltt ? lai* La^jt 

II <aJl« all (j-o Ic _jj __>jjijYI 

j*j jjjcj^ <>uj Jlaj 2^ja : (coefficient of restitution) jIjjjVI J^l*-» 

"CLaJiS j c4j jj-oil I al i L i al 1 (_JjLuiJ ^^jll jljJjVI (J-ola-o 4-ajSj j -I llaj aVI 

' -t ^ — I ^iu jLl-JI j tDNA 11 Lal-iL^I ^jju 1 SI (jc <J2j 

(juIjSS J-uti^jj tljU3aj| <jjjj!I CjljLjikVI ej^?-i ajjjI : (spirometer) o - *^ q*UL» 

.(jjiiilll *Lul I afrJC^j-u JJS^ J l3M '"'^ *ljA _jljLa (_}-a j> aaJI ^^icj tjjJJJ^)!! i—jjUaj 

^oa^i t^^ 1 ^ jjj*- :(bomb calorimeter) ^r^l ^1 jjjaJI o-W*- 4 

jjja i a£lj l^jlc (jjiLiall ^Jjaj ^^jll 4 laa II (j-o (jjAjLall ' aluj . Qju (Jclij Jjljja.1 ojl^)a. (J^' - ^ 
30 <_^lC' JJJJ A_ilLc 1 Uji , ^- ^jnl ja^tt (J-aaJJ (jl < . Lajj . s-Lallj I li all jaJ^tll iV^jill (j-a o^^a-j 
Sjl^a. t_>"Ld ^Jjaj L?ill JjSjll Jjjjaj La-lio .Jjlja^/I (Jtliij tjj- aa «.L)jl Li_aa. 1 U» , ^ 
t4.Ljall ^jli. s-La (jijoul ^ i "1 a '« 4-ljjjl ^JJC 1 1 aJ ; a iAj La-la all tlj^-ll (jajaiJ 4<aljja.l 

.(Jc-liiill (j-a <LajLill ojl^jaJI AaaS Ja ubttll s-Lall ojl_)a. 4a.jJ JAaj j 

t 

dU-ajill ^.iVi..n si-all aju£1 s.ia.1 j jA c^jaII ^ill-ll jl : (equivalent Eq) 

s.lia.VI j 

Ijjl Lai (j^aJ (jjll SjLall Aj-a£ J^"J 
, Cll^Aclij (J!iLk (jj^jjJj^JI CjLijjI (j-a (Jj-" (f^ J^) (JclijJ — 

.^la.jj~a.1in^l d!>lclij JvLi. lIiUjjj^IVI (j^i J j-a (j»^J jl) ^-a (JcliSj jl — 

jAj tAjjl lajll (Jla 4jjIjj^£ AiUa ^la J-a Aiauill i -La j-a eijiall jA :(cathode) K'i A 

.AjjLij^£]| SiLkll lill^laLall j. aj*JI jj* AjaJJI L-llLo. cjjiall 

oX-a*ll LpU. Jx^j ^j_^JI ajcjVi j^jj jUc : (vasodilator) Ajj^jII Ajc j^I ^ui>s 

.ojjAII sJjjVIj t Jj« ' all j SjjAII dlUU^jjill ^ Aj-ali. t ^a, jp i aJ «lt jll (jljAa. (ja.^i <-atljll 
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Jalc. jkj ?J IL ^Jjj j» ja ^jJI cfUxuill gi :(buffer) <Jj>»2l jl ^JjI! 

.pH ja^W 

.^Ijc jLiii cjV jJ! IjjL« jj^jill : (molality) aJV 
.jjJII CiV jA Ij^La Jj£ jill : (molarity) 4jjV>« 
(juijjll s*US jJs> : (ventilation perfusion ratio) ^jjj^I 

: (vasoactive) IjjI^j 

.(14.3 JIUI jliil) ajKII ^ AicUll ajJ^Vi : (nephron) ojjij 
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endocytosis 




coordinate 




ureinra 




proximal 




atrium ip. auiaj 




hypertension 


(^all lax ■ >i ^Uijl) ^bjJJI jj jail ^Uijl 


hyperthermia 


Jajia ojl^p> ^UjjI 


UcpUlallZaLlUll 




rif^-Ti nn 11 nti r\n 
UCllUllllaLlUU 


jUflaJI AjI jj 


edema 




L/VJ W CI 




pOldTlZaLlOll 




interpolation 




/111 nnti Totl / \ »~i 

quantization 




optimization 




caciiciidiia L-Ull 




arrnymmias 




1*/* t" l"V 1*t*\ t" 1 1- A 11 

resorption 




distal 




eiaSLlil 


/"". (1 t| ttll \ V fl 

I4jj^jI cjUTV) (jOJjJj) (joWyj 


pnonocaraiograpn 


i__iiall i ** ij 1 ^1 (J ■ 'p 4JI 


dialyzer 




stoichiometry 




diastolic 


(l_ll£J! JaLaljjl Jjia) ^ ■ 


deviation 




conservation 




momentum 




transferase 


JaU j»j jjj 


systolic 


(i-ifill (jialjajl JjJ=>) ■ *-l 
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heat exhaustion 
tubule 

psia: pound per square inch absolute 
psig: pound per square inch gauge 
software 

Ig: immunoglobulin 

endothelium 

abdomen 

ventricle 

cytoplasma 

plasmid 

P = g/(cm.s) poise 
urea 

cryogenics 
uremia 
renal pelvis 
subclavian 
subcutaneous 
sublingual 
inductance 
fractional conversion 
transduction 
flow 

recycling 

concentration 

mass concentration 

molar concentration 

perfusion 

tachycardia 

variance 

plastic (inelastic) collision 

sclerosis 

atheroma 



(jjllxA ^j-dl ij^j^U ^jjLj 

(jAa-a (J^U -ijjU 

jjlu jJjVl) <JtjVl Ailkl 

i 'lol l ^^joU 
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posiLron emission LOinograpiiy rui 






4_lj-aall AjCjVl (jl^ai 


ICCUUtlLR. 




pnnilihrinm rpartion 




hemol vsis 




valence 




Quantitation 

VJ ll Ll 1 1 Ll LCI LI \J 11 




vascularization 


4jj-aall Aj&jVl (JJj^J 






OS1HOS1S 




tidal 




ill V \J\^ai Lll Lie S 




tpnHom ti q 

LCllUVJlll Lift 




pericardities 




VlAITl OAft Q C1C 




tonic 




internalization 






1 - 


arlpnncinp trir\hr\Qr\hntp ATP 

ClLlCllVJSlllC LlipilVJajJlldLC r\ 1 I 




rigid 




Done ury 


LaLaJ L_iLi. 


scalar nroduct 


t / 1, \ -1 - 


vecior proauci 








c\~i 1 r\rr\ r\1 n ct 




Ll IV ItllNAJlLl 






•i 1 'it 


al VCUll 




WilCaLSLOilC UllU^e 




capillary bed 




bulky 




particle 




endosome 
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ly awavjiiic 


/ A <r '-\ tl ' ■* 


HCalL aLLaCIv 


- »*• *r . •■ l t 


svmnathetic nervous svstem 




reactive svstem 


j 1 1 j 1* • 


stpadv statf* svstpm 

J LCtiU V J LtlLL J LC111 




nonrpartivp svstpm 

iiwui ccicli vl j y j lciii 




isolated system 




closed system 




open system 




volta pp 

V V 7 1 LCI i^V-/ 




bracket 


1 


adiabatic 




LUC LCI 




?> LI LUVC V \J1 LilllC 


Aiaoll j^a 


speciiic volume 


i^-y 


heat 




reaction heat 




standard reaction heat 


Aoj-uu3 (Jcusj ajSjz*. 


laLCilL llCaL 




sensible heat 




iliac 


(jJj <aa^p. 


hay fever 




conservative field 




nerfiision 




aClUOSIS 




metabolic acidosis 


SI**- 1 • 1 * 


pyruvic aciu 


h * 1 It 1 tl Tl 

t£ii3j^jL-ul ^j>ixi^. t^juJl 


^tfarip apiH 

,llV, Cll IV Cl^lLJ 


1 - Ml . tl - » ,ti 
^jLuj-uifl tjjAJul Qs-iA^ 


hntvrip apiH 
ulil y lie uliu 




benzoic acid 


^jlaJI jj>i.a-> 


lauric acid 




lactic acid 




liposome 
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aero Die 




extensive rvronertv 


"j - \ • 

a. \m i ii «j 4 ^ l -v 


intensive property 




snrfartant 




flow constrictor 




ouccai 


t^^ftS 'c5^J '(^"^ 'C?"^" 


gonad 


1 111—-- 1 


linear 




fihril lotion 

11 Ul llltlLlwll 




henatoevte 




saccharomyces cerevisiae 


^^J^JI o^Ia^ J^jyttll j )^aa ejJAAi 


^11 L/ LllL 


ft jU 


buoyancy 




temperature 




precision 




LIVJJJ tlllll 1 1C 


/ - * \ \ . 1 


mil m r\n n r\? 
puiiinjiiai y 




1i (rniin 
llgallU 




filtrate 

111L1 aLL 


•5 1 


paLClla 


/** t* (I ** • \ \ ** • • 
fAj^^pl 4jjjU-al Ai^aj 


Ll atllCa 




lanpprhans islfts 

ILllliiC^l llullo IjICLj 




significant figure 




on triilnr 
allgUlal 




glaucoma 




real lime 




chirp 








lysate 


4_iUJI dKij JjUu 


dialyzate 


(jKSI J^-^ 


hydrostatic 




capacitance 




heat capacity 
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SLTUKc 








statics 


- 1 ■ c 


scalar 




nermittivitv 

L/\^± 1111 LL1 V 1 IV 


On) 






siphon 




ion 


s 

UJW' 


anion 




cation 


/ - 1 . t 




■"• t t *: - > 


r\hr\Qr\hr\1i mH 

L/llW j L/11VJ11 L/lLl 




IV* l~t f Q 1 

ltCLd.1 






artery 




aorta 




rnHial nrtprv 


/ t"ti . 1 MlY • ' ' 11 . 1 > 






til LC11U1C 




arcuate artery 




renal artprv 




vector 


^5 jJlo Jab tpbtj-u 


pHTvill svrv 
^ajjiiitu y 








nno /in n 1 1\ mo 

tjUaunpiegia 




naranle^ia 




sanhenous vein 

. I Ll 1 7 1 1 1 1 V 7 LI .1 V Will 


(.111 jil (jUoil -Xijjl O 31 -^ 1 


cri cket 


/ v \\\ t Ml 1 


spreadsheet 




laminar 




mitral valve 




tricuspid valve 




accuracy 




heat stroke 


4jJ ja. 
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pressure 




diastolic pressure 




systolic pressure 


^ i >il Jfljl In* . >i 


mean arterial pressure MAP 




gauge pressure 




energy 




kinetic energy 




internal energy 




potential energy 




specific energy 




graft 




overspecified 




hypertonic 


jjjjII Jlo 


pH 




gauge factor 




transcutaneous 




intracranial 




intramuscular 




intravenous 


JjjjII Jib 


moment 




torque 


JJjjtfl j, jo 


nerve 




neuron 




atherosclerosis 




biceps brachii 




myocardium 




quadricep 


( " il \\ ^ \ \\ A \r\ 4jjJaO 


temporalis muscle 


A \r~. \ 1 ,-1 4 ^ . 


adductor 




adductor lonus 


^jj^li Ajjiall if > \\ AXjaO 


abductor 




masseter muscle 


A 9 l j\ Aii-^C' 


prosthetic 
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tibia 

aspergillus niger 
work 

shaft (nonflow) work 

flow work 

element 

hypoxia 

thyriod 

adrenal gland 

neurotrophin 

trophic 

hemodialysis 

dialysis 

pleura 

cartilage 

glucose 

electroporation 
thigh 

hyperkalemia 

acid load 

polycythemia 

hyperthyroidism 

bronchioles 

lobe 

chromatography 

saccharomyces 
plug 

bronchus 
congestive failure 
bronchi 
resultant force 
aortic arch 



(jiila jji) J«C 

4a3jJ ilt. 
die. 



o-iill JaUlj lajS 
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tonometry 




ankle 




hepatic 




cable 




glomerulus 




mass 




leukocytes 




erythrocytes 




chlorophyll 




renal 




potential 




action potential 




piezoelectric 




electromagnetic 




lactate 


(tjJll o^ 4 ^- L)_«') 


plastic 




viscosity 




plaque 




lymphatic 




operator 




liquid 






U^U 


cnuoineririic 




operana 




seesaw 




geosynchronous 


i_P a jVI £-a 


isotonic 




stenotic 




tracer 




excess reactant 




limiting reactant 




bladder 




voltage divider 


4_ul j3 ^ jzs^a 
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sensor 

catalyst 

crystalloid 

transducer 

ordinate 

axon 

abscissa 

electrocardiogram (ECG) 
intravenous therapy (IV therapy ) 
diuretic 

order of magnitude 

recombinant 

polar compound 

elastic 

esophagus 

thermocouple 

assistant 

receptor 

matrix 

amplitude 

magnitude 

destination therapy 

coefficient of restitution 

rate 

basal metabolic rate BMR 
Reaction rate 

glomerular filtration rate GFR 

flow rate 

reactor 

bioreactor 

current divider 

resistance 

thermistor 



J i(cjliaJI) t_y3l Jill 

JjjB J.la 

4ji_^. iAjt^ji 4(JUa-a 

t ^AA^ ^^-C iA.J.a'W 4^]l*_a 
Jljjjl J-aU^ 

Jclia 

jIjj ^^>ia 

4-a jlia 
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rpci ctor 




resistivity 




CieCLIlC UUL1CL 




J L/ll LCI 




bomb calorimeter 




llltlllwlllC LCI 


M , , 1 • • 1 *" 


calvannmptfM* 

cUl V ullUlllLLLl 






/ ( \ -It- 


canacitor 


1-1 '*•£" 


underspecified 




ii y jjulajihl- 


^^A-^aLnil Jain-Ail (j^g-vi-a) jj jail ^^^afla-LQ 






gene 




pal allieLCI 




buffer 




mole 




g-mol 




molal 




1h -innl 

lU m 111VJ1 




mnlar 
lllL/lal 




IIlOlallLy 




resolution 




mM 




CAUL11C11111C 




hpin n topri t 

llCllltlLVJCllL 


u r 1 it i It - 1 fti 1 
^fl plj-aaJl t—ibjMl 


IllaSS HaCLlOil 




111U1C HaCLlUll 


4_J^a A \ ■ aj 


\i7p.i rrlit tt*ci r*fi rvn 
WCl^llL HaCLlOil 




stroma 


Ax>-\,\\l i(J^La> ^UiU 


nephron 




ischemia 




bulk material transfer 




nicotinamide adenine dinucleotide 
phosphate NADPH 
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hypothermia sj^ a^jj J=jja 

hypoglycemia j ^ 

hydrogel 

profile ( U, <(<Jii) 

amu (atomic mass unit) 

tendon 

batch (Aj^j 
monoclonal J\ t,y M « 

hip 

inferior vena cava ^ j ^ 



vena cava 
venule 
arcuate vein 



4jj 'c3^ j ^jj 

renal vein ^ ^ ^ 

mean 

mixing-cup average cA^i\ j^j; ^u.^ 

inductor 

synapse ^ ai.^ 
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abdomen 




abductor 


o 1*1^ A \ ■ ^n*"- t^j3 A 1 l -n*"- 


abscissa 




accounting 


4jji^a 


accuracy 




acid load 


AjJa j,a"v\l (JaA tA_Ja j,a-Jl Ja^fl 


acidosis 




action potential 




adductor 


4jjLJI <Lja*JI t^Ja A 1 > >>r. 


adductor lonus 


^jj^ll AjjjUll <L^a*JI t^uiflJI C5 ia 4i^aC 


adenosine triphosphate ATP 




adiabatic 




adrenal gland 




aerobic 




alveoli 




amplitude 




amu (atomic mass unit) 


Ajjj o-^J 


angular 




anion 




ankle 




aorta 




aortic arch 




arcuate artery 




arcuate vein 




arrhythmias 




arteriole 




artery 




aspergillus niger 




assistant 




atheroma 
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athero s cl ero sis 


Aj^-aJ 0 1) » nr. 


ntrinm (r\~ atrial 

O.L11L1111 VJJ- tXUiaf 


vtt . '.t 
I , iVlll jjjJI 


axon 




h^Qnl mptnhnlir' rntp R1VTR 

UHitl! 111CLO.UVJ11C luLC JJIVAIV 




batch 




UCIIZjUIC atiu 


^aj—aJl ^j^o-s 


biceps brachii 


(jjjJjll till j ^1 jill <Liac 


UlOICaCLOI 




L/ltlLlLlCl 




MrvrviM ralnri mpfpr 

UU111U CaHJlllllCLCl 




bone dry 






i 

a j. 


nrnnpni 
U1L/11C111 




Ul wiicinwic a 


.- 1 ■• 1 -mi 


Ul VJ11C11L1 j 




UULLtll 


^ i^jxj 't^J 'g^> 'l/-^ 


buffer 




UU1K. lllaLCIlal LlailSlCI 




bulky 




buoyancy 




UULyilC aClU 




cable 


JjU 


capacitance 




capacitor 




cnunim^ 




capillary bed 




CHlLlltlC tlllCSL 




f*HT"Hi r\r\1(^ tri n 
caiunjpic^ia 




carotid 




cartilage 




catalyst 




cation 




chirp 
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chlorophyll 




chloroplast 




cnromaiograpny 








Hrniit 




closed system 




coefficient of restitution 




concentration 




congestive failure 




con sprva ti on 




pon<;prvati vp fiplH 




coordinate 




cricket 


/ s / U\ T til 1 

1 17. la HI Jaiil jLaj^s 






crystalloid 


4jjj1j AjJu ojUa ( < ^ A ^ a ) L^-^JJJ (Jjla-o 


current 




rMirrpnt HiviHpr 




cytoplasma 




UeilUllllaLlOil 




UepOlallZaLlOil 


lJ laSlJ 5JI jj 


uesLiiiaLion Liierapy 


^^■■^ a tA-LaJA <aJljua 


Hpviati on 




Hi nl \?ci c 


Jill Jo^ 


Hi nl V7ntp 


ten t • t?i 

(jJill Jxljc- JjUj 


Hi al V7pr 


tJ iSJI Jj.nr. -Ul 


Hi astolir 


1 1 ■ iM JaL nlil J>!=l (j ial inn) 


Hiastolir nrpssnrp 


11 -1 1 • • 
^—iaUjUJl hi » r~i 


distal 




Hill VP- 1 1 c 




dopamine 


^ 1 » nr. i"n"M (Jj-u^) ^jxaUjJ 


edema 


(^jlajl ^ J&i^sl JjUjj frlli Mi nl 


elastic 




elastin 


i_alJVI LtfJJj) LfcA""^J 
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electric outlet 




electrocardiogram (ECG) 




C1CC Ll LUllagllC L1C 




el ec tronor a ti on 




C1C111C11L 




elementarv charge 




enaocyiosis 




ciiU-Liauiiic 




< v n H ntn i^l 1 1 1 m 


/ ,u|\ " (1"" VM"".M 


C11LIUL11C1 1111C 






j si \ 

<aUa 


pnmlihn n m rparti nn 

CU U111U1 1 Hill ICtlCLlVJll 




equivalent (molar) 




Cl y Llll ULy LCS 




escherichia coli 




esophagus 




excess reactant 




exothermic 




CALC11S1 VC JJIVJJJCIL^ 




leeuuaCR 




llUllllaLlUll 




lllLTaLe 




flow 




flow pon*;triptr\r 

11VJ W ^WlljLllCLWl 


- 1 .-11 - •! • 


f1r\\X7 Y5\tf* 
I1U VV laLC 


/ 1 \ - ■ - t 


flow work" 


- - ( 


fluid 




frn^tirvnnl prvnv^rcirvn 
lla^LUJllal VC1 




^alv allOIIlclCI 




gauge factor 




gauge pressure 


(JAli«a t(jjlia 3->*,>>i 


gene 




geosynchronous 


(_P=> jV) £-a ^>al jla 
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glaucoma 

glomerular filtration rate GFR 

glomerulus 

glucose 

g-mol 

gonad 

graft 

hay fever 

heart attack 

heat 

heat capacity 

heat exhaustion 

heat stroke 

hematocrit 

hemodialysis 

hemolysis 

hepatic 

hepatocyte 

hip 

homeostasis 

hydrogel 

hydrostatic 

hyperkalemia 

hypertension 

hyperthermia 

hyperthyroidism 

hypertonic 

hypoglycemia 

hypothermia 

hypotonic 

hypoxia 

Ig: immunoglobulin 
iliac 



Ajj^iall (^aaJI l^llall jUil 4j.nl, aa 

AjSj^II s Jill JaUu Jaja 

S 

^JbOaJI ojl^)^ "^J^ -^J^* 
(tiljjJI (_>ilj f^C.) 
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inductance 




inHnptor 




inferior vena cava 


t • 1 


intensive property 


aAjui Ajj-^ti 


liiLcriidi energy 


Ajlib AaUa 


UlLerildllZdLlOll 


* «v 1 - 


i n tf*rr\r\1 n ti on 

111 LCI JJVJla. LI VJ11 


pUfwul ( JLaSlJ 


lilLldCl dilldl 


4,«>o?11 Jib 


intra mi lGPiilnr 

lllLltllllLLSCLLlHl 


l!jXj=wJ1 Jib 


intra vpii 01 1 g 

ill lid, V C11VJLIS 


ojjjl! Jib 


inti*n vpnnn g tripranv (T\l triprnnv ^ 

lllLla. V CIIVJUJ LllCltlJjy \A V LllCltlJJ^ y 




ion 




ISdlClllld. 




lSOldLetl System 




1 crvtrvm p 
1&UIU111L' 




iviiiCLic cncigy 




lactate 




lactic acid 




laminar 
itiiiiiiitii 


L? - 


loiKTArnQiic 1 cl Ate 

id.ngcriid.iis lsieLS 




latent heat 




l auric acid 




lh -mol 


t t 


lpiilcnrvtps 




ligand 




limitincr rpartant 
llllllLlllg iCaCLallL 




linear 




liposome 




liquid 




lobe 




lymphatic 




lysate 


j 

yiii hdsc JjU 


lysosome 
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magnitude 

manometer 

mass 

mass concentration 

mass fraction 

masseter muscle 

matlab 

matrix 

mean 

mean arterial pressure MAP 

metabolic acidosis 

mitral valve 

mixing-cup average 

mM 

molal 

molar 

molar concentration 

molarity 

mole 

mole fraction 

moment 

momentum 

monoclonal 

myocardities 

myocardium 

nephron 

nerve 

neuron 

neurotrophin 

nicotinamide adenine dinucleotide 
phosphate NADPH 
nonreactive system 

open system 

operand 



Jii jaKjaill (^-"^ diliuj jail ^LalljJ j%j 
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c\r\f*ratar 
upci aLUl 




optimization 




oraer or magniiuae 




ordinate 




osmosis 




tan fTAnACi c 

OS LcOgcllcSIS 




ovci spcciiicu 




parameter 




palapic^la 




parucie 




patella 




percutaneous surgery 




perfusion 




perfusion 




pericardities 




permittivity 




pH 


4-iJaj|.ci-v\l (jjil t4_iJ3j)^-> l \l (_}-alc 


phonocardiograph 




phospholipid 




piezoelectric 




plaque 


wj 


t~\ 1 o CI m 1 /-I 

pidsiiiiu 




piasuc 




plastic (inelastic) collision 




pleura 




plug 




P = g/(cm.s) poise 




polar compound 




polarization 




polycythemia 




positron emission tomography PET 




potential 




potential energy 
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power 

precision 

pressure 

process 

profile 

prosthetic 

proximal 

psia: pound per square inch absolute 

psig: pound per square inch gauge 

pulmonary 

pyruvic acid 

quadricep 

quadriplegia 

quantitation 

quantization 

radial artery 

rate 

reaction heat 

reaction rate 

reactive system 

reactor 

real time 

receptor 

recombinant 

rectal 

recycling 

renal 

renal artery 
renal pelvis 
renal vein 
resistance 
resistivity 
resistor 



^jj^ii ^ jU 

,__>JjLg ^J^)-^ i_jfoj^U SljY} 

liiiajjjUll j_pxA^. ^j<.^tvM 

Cj?^ (> j 



,LLi 
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resorntion 


I - I - *l I 


rpcnltnnt frvrpf* 

ICSUlLallL 1U1LC 




ri cHH 

llglU 


I 


sarrharorn vrpc. 
jti^A^iitii win y ^t^j 


is 


c o /-< /-"Vi a mm \/r" i^c r , f*i*(^\7i ci "3 
SaCCIlalUIIiyCcs CCICVlalaC 




saphenous vein 


(jjljll (jLoJI jjjj) tjiU^i 






scalar nrorliict 




sclerosis 






j 


SC11S1U1C llCul 


1 - 1 


c/in cor 




septum 




shaft (nonflow) work 


(jajla jjc.) ^Vl (J-aC 


significant figure 




sipnun 




soil ware 




speciiic enei^y 


A_iC AjlJa 


Qnppifir* vnlnmp 

SJJC^lll^ VVJ1L1111C 




spirometer 




s nrf* a H s h p f* t 




stanHarH rpartion hf*at 

^Laiiuaiu i^ti^Liwii iictii 


<xu)Ua (JcLaj oj'^p* 




.• 1 . ^ 


SLeauy SLaLe sysLeni 


j3Vl,a 


stearic acid 




SLCIIVJSIS 


M t vri - J . - 
Ajja^N 4jCj2' (Jj^i 


SL.eilOL.lC 


-* - 


SLOiciiiouieLry 


el ri t I MS. 1 


stroke 




stroke volume 




stroma 




subclavian 
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subcutaneous ^ 
sublingual 

surfactant jji j^. , ~t-... j;^ 

sympathetic nervous system 

synapse 2\.~j 
systolic (L_Jall ^Usil j>) 

systolic pressure ^Uil ii^b 

tachycardia ^jai 
temperature sJj^J! 
temporalis muscle s j.y-. 

tendon jj 
tendonitis jj\ 



thermistor 



tidal 
tonic 



thermocouple ; UjJ> 
thigh ^ 



thylakoid <Jj?- 
thyriod 
tibia 



tonometry ^1 ^ 

torque f> 

tracer < .a--, rt 

trachea <^&j 

transcutaneous .j^ji ^ 

transducer yL yi 4 J_^. 
transduction 

transferase J5U ^jjj 

tricuspid valve \ 
trophic 

tubule ^j^f 

underspecified J - ji; -,. 
urea g JJ;! J 
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uremia 


(f J Jjj) (kill (jljJU 


ureter 




urethra 




valence 




variance 




vascularization 




vector 




vector product 




vena cava 




ventricle 




venule 




viscosity 




voltage 




voltage divider 




weight fraction 




wheatstone bridge 




work 
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679 :j\j4i\ v*^^ 1 
529 

556 Sl^kJ 

502 :UJf ^UJ,I 

503 :Lo ^U-il 
. 428 .426 :i^_s^Jl oLI^Ja-^ll 

468 .429 
279 r^VVl 
.437 _ 434 .432 _ 431 : jj^^l 

443 

(.291 .272 .240 : ^Uj^Jl >_jLJS/l 

301 
64 r^Vl 
702 :._JJiJl i*L-Jl 
c 116 _ 113 c 106 _ 103 : JiLL^J^I 

131 _ 125 c 118 
.625 .584 .547 : ^-J-jJl JiUL^I 

654 

.548 _ 547 :JhJ^\ ^>JI JJLL>J 
.577 .574 .567 .565 .560 



.679 :^pL^aJl ^ 

688 
20 laL^I 

.565 .549 .547 : ^-UJl =»-Vl 

.582 .577 .574 _ 571 .569 
654 .592 .584 
78 :'^ij>^>\ *Ua^S/l 
78 :i 1 s\j£*]\ AJa^Sh 
78 :4~>^Jl ^Ua^-S/I 
746 _ 745 i^LyJl yjJl 
1 82 _ 80 .35 1 19 :-b>L*Jl ^lijVl 

90 

513 _ 504 l^U-^l (j-L-Vl 
513 _ 512 .509 _ 506 ^.^Sll 
.489 : iaiSCo j iajlio SjIjJ LU^^I 
.385 c 381 .357 .320 : LpU^^I 
417 .415 .408 
156 .144 c 139 i^Uai^ll 
541 1 34 i^^U^I 
234 :JJiJl J* jjSj\J^\ V ">U^I 



_ 504 t 432 : t> ^- JJ -L_ H Jl oUjJ 
t 523 i 513 t 509 t 507 t 505 
545 t 542 

- (— » - 

720 :jLu«j_y> ojUjL 
124 :dLjJby l £y£\j 
330 : r jJl JjJj 
t 437 _ 436 .432 _ 431 : OjJjj-Jl 
t 538 i510 t504 t 502 _ 501 

541 

124 tc™, 
,442 ,434 till . 110 : b . II 
t 462 _ 460 t 458 _ 457 t 454 
i 513 t490 t 480 t 468 t 464 
721 _ 720 t 708 
517 _ 514 Ip^iJJl Jbijj ijUaj 
179 -.j^J] 
677 t665 :Uj*>Ul 
779 : iji^Jl Uj*>Ul 
779 :l^5sUijj SJUJI 
137 c 133 _ 131 :^Jl™JI 
541 t 504 _ 503 : Oj^jjJl 
220 t 218 . 215 i213 - 212 : il^Jl 

223 _ 

248 li^L^aJl ol^^Jl 
787 : J^SLaLo «^ _^JI cjULJI 
774 oUUl 



t 603 _ 600 _ 599 t596 . 595 
t 625 (.619 t614 . 612 t 609 
654 t 652 _ 651 
t 548 _ 547 :^jljJl p-J-jJl JiU^I 

654 t 575 _ 570 t 565 
i431 ^426 _ 425 : ^^JJl JiLi^Jl 
,444 t 44i _ 439 ,437 _ 436 

483 1 481 t465 t 457 t 447 
264 (.179 (.167 : 5iO JilUJl 
124 _ 123 :jJj~J}ll 
283 _ 282 r^yJl ^j^ 1 
t 706 t 702 _ 701 :^Jl1II ^L^Vl 
723 i711 t708 
739 :^j>KJl 
212 : j/Vl ti^bJl ^^fVl 

t 567 (.72 (.70 (.54 : aj^jJI i^jS/l 

677 t643 t632 t 608 _ 607 
_ 229 t 224 4 177 . 176 : JjJLi-,)!! 
t 280 _ 279 t 234 _ 233 t 231 
301 .292 _ 291 
_ 476 ,474 t 432 : ^L'jJl oU^j 

487 _ 485 t 477 
t477 _ 474 t432 : ^jwaJl oU^j 
540 t 538 t 524 t 487 _ 485 

523 :oU^£Jl oUjjI 
,474 ,437 ,432 : JJK LJJl oU^j 
487 t477 _ 476 



324 _ 323 : UiCl ^UJl 
t 443 _ 442 :^iL^53l oUaJl 

489 

141 : SJaSai ^ 
261 : 4jj~>JI ik£Jl pS'l 
150 loUojUl 



c 311 t 309 _ 308 



.1 .A4.ll 



379 . 378 t365 _ 364 



49 i41 :*lj4Jl 
392 .389 _ 388 : f jJl 
52 . 51 c44 
133 :c— Jjl 



377 

595 : cjjJJl (oUdl 
598 . 597 : JlUl ^^y^\ joUdl 
597 : _pLJl oUJl 
595 lo^Jl (oUdl 
597 _ 596 :U*j j^Jl (oUdl 



147 



541 

170 : (_5j»jJI *LpjJI Jl^ 
100 :iJaJl oli-kdl 
165 I^jJl 



165 



;IJJI 



164 :ij»jJl oLs^jjjcJI 



331 :5JUJl ^L" 
331 :jL™Jl ^L" 

434 

91 (.27 _ 24 liU/Vl JJi>J 
549 i^lSLJl ^j^Jl JJi>dl 
_ 211 1 163 '.Z-tjjxJ] i-^-ji Ju-Ju>^J 

216 c212 
91 c78 _ 77 :^S3l JJi>dl 
. 233 .223 c 163 : ^—Jl J>^Jl 
_ 281 .260 .243 _ 242 .234 
292 .289 .287 _ 286 .284 
91 1 33 1 22 - 19 :olJb-l_^l Jo^>J 
199 ! j» j^—Jl ^ jlS^JI ^jAk><Z 
430 :Ja-|jdl 
430 : ^4,t^j ji £>\ Ji~|jdl 
777 : jv—jJl ^ j>jJl Jsjg 

181 \ ^yj&s- pxja ^ 

179 i^JUJl ^ p-jlJI JiJu 

194 '■^^ di'AjJ J ^ 

340 : Lr idl A i^Ju" 

186 : Lr ^idl jLf?- ^ *lj^Jl jia: 

694 :&sj\ J ^1 jio: 

114 _ 113 i^j^l wUJl jJ 

251 ; 4j j^>^° 
485 .478 .439 : i^JJl ^ly 
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423 . 422 (.411 _ 410 .295 _ 

124 l^Jb^A^ jy>- 
526 ; j jX™Jalj j~~^r 
88 c75 t 51 :ii*>Jl 
164 i^L^I JiUJl 
780 jl*r 
312 (.57 :J^>JI 
688 : o yr 1 0 
302 liJU^Jl oL^>Jl 

-c- 

139 iS^JcJl 5JUJ1 
343 :l^rj^\ SJUJl 
103 :eyi~Jl SJUJI 
139 IojjUJI 
204 : jUjL 5 
124 _ 123 1 117 :ib^=~.Ml 
121 _ 120 c 118 _ 117 Jb- 

JlJjJI Jb- 

^^>Jl Jb>- 

363 :J>I^Vl 

365 : LjLjtJl Jly^^l Sjl^ 

346 :J->U^I 5jl^ 

344 _ 343 :o>liCl jL^^I lj\y~ 

380 t 343 :5^l£Jl ljy~ 

344 :olS^I l_J^I 5jl^ 

344 :o>lS3l ji^dl Sjl^ 



117 
130 
130 



430 _ 425 :^y^}\ cAj^ycti 
165 : oLs^jjjcJI 
501 :^U-i>l dKidl 
t 364 t 308 :^j-^Jl ^5^1 J* Li: 

379 

(.135 c 117 :^Lwo_JUl o^ULLJl 
t 225 . 223 (.176 _ 175 c 173 
t 242 t 230 t 228 
502 _ 501 : u J>[*J>y\ dKJci\ 
59 : cjL;>JI JJij ZVm 
77 :oULJl JjUj 
370 t366 : jLJVl 

255 : cjULJI jjJb- 

430 :^^>Jl JiljJl 
430 i^lSLJl jiljJl 
64 . 63 1 24 i21 : ^U^l jLJl 



506 lojLpJl ^^^Jl dKidl coL' 
506 :oj\y>\ coL* 
46 : JliJl jUJl coL' 
474 coL' 
367 l^JjJiVl cj LL* ji 
367 t 309 olL-ji JftS 

-c- 

772 :^L*U ^jjjJl Jj-bJl 
294 .282 Lij^-S)!! y yr 



840 



_ ^_ 362 _ 360 : JpLidl ijl 

363 :i>jL*-Jl JpUJI Sjl^ 
363 l^^ScJl Sjl^?- 
363 ! <bjLjt«Jl t jj^SoJ I 3jl 
t 346 t 344 . 343 : i^LSJl Sjl^Jl 

350 

344 :a^>=d] 5^l£Jl Sjl^l 
c339 1 337 :^j_^>^<Jl Sjl^Jl 
t 374 t 372 . 370 1 351 t 343 
387 t 384 t 382 t 377 _ 376 



650 :ji_dl jpU- 
696 _ 695 :^kJl ^U- 
539 \J2A\ oU^Jl 
279 : ^^SCJl >3 S^J~ 
.28 _ 27 c 19 :i^J-yJl ^Ij^Jl 
118 c 1 15 _ 113 1 107 - 105 
151 c 136 _ 135 c 130 c 119 
49 t29 . 27 (.19 :SJjJl ^y>\ y~ 



_ a _ 



447 . 446 : iiUuJl SjIjJI 
449 t446 i^j-^-^l SjlJuJl 

450 



346 : ^jjl Sjl ^ 
313 loU-JVl tf^Jl 

313 liJ'jJ^ 1 ^.r^ 1 
312 1 57 :i_^Jl 
320 :^jUJl jU>Jl 
44 : ": J, ^ JI ^ 433 Ji>Jl 

45 ^ . 312 ; Ji . UMjl ^ 

45 :oLUJl ^ . 2Q5 ^ 

44 :co^U . 746 ^l^j, 

44 : ^^xJl jOJl _ 746 : ^ _^J| ^^JVl ^UAil 

11 : 'J- 6 — - 212 :J^JI 

31 : 0^^- xJl 279 :^ J ^]\ 

701 t 684 1 681 :2_,j-^jJI SjjjJl _ 279 1 177 - 176 :J^Jl j^-^ 

.718 c712 . 711 t 706 t 703 504 t 284 . 283 t 280 

732 t 727 .724 t 722 504 : 0^1 U J^ 

727 jliai! - 504 : U J^ 

282 : Ijji _ 229 _ 228 : jj^JJl 

39 . 34 : J-j^jJJI 513 _ 512 t 509 _ 506 :^jJl 
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63 (.28 :^ J 4&\ i^lJl 
t 687 c681 c97 Ij-j-jVl jL^-JLJl 
_ 711 t 706 t 704 t 702 t 699 
733 t 727 t723 c713 
153 :,j>rti\ jLyJl 
683 _ 681 jl^tJl 
1 701 t 696 c 681 :Sjj-.jJI ol__^*_iJl 
732 t727 t724 (.712 
72 :Luj^J o^*>Li 

t 593 _ 592 i^jlJI oL^-_i—/» 

665 

45 :jlkJl yUaJl 
366 ! L>j-^- jj—wJjJl 

58 1 53 c43 ifjJl W> 
_ J*_ 

. 62 (.60 (.44 (.12 :*?S>JI iilkJl 
_ 312 t89 1 76 - 75 t 73 c63 

323 (.316 
.310 t 308 _ 307 :^j~>Jl iiLkJl 

364 c 311 
. 321 (.317 (.315 :S-JU~IjJI iiLkJl 
. 330 . 329 .326 _ 325 .322 
. 386 .360 .357 .342 .332 




- J - 

554 .552 _ 551 : -_^Jl 
.557 .554 _ 551 : ^J^Jl p-^jJl 
562 _ 560 
562 _ 560 1 551 : <£jljJl ^1 
713 :JVjJl 

- cT- - 

270 _ 269 : J&Jl J™J> JlL, 
627 JoUJl ^ JiLJl 

269 '. ) /j- w «jLa ^L«Jl 
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.404 . 403 
(.418 . 417 



338 .307 .26 : -uJ^Jl 
370 .355 c 351 .345 .341 
400 .386 (.371 
415 (.413 .408 
420 
154 liljpj 



70 (.67 : ^^-xJl <4^-i 
60 1 19 
431 rJJjVl i^jJl 
439 .437 .425 : 5_JUJl i^JJl 
444 1 441 
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1 322 _ 321 c316 : i-^jjJl iiUaJl .400 .398 .396 . 395 .387 
.342 c333 _ 332 .326 . 325 402 



403 .400 .387 _ 386 .309 _ 308 : ;_^..,^_.*Jl 5_5L_kJl 

312 

(.317 _ 316 : « 5! S_J1 W 11 

120 _ 118 (.103 :iJlJ^Vl ^ij>Jl 398 



'145 . 144 . 142 . 139 c 125 t3 i 5 t3 i 3 .312 : i^.L£J| SJLkJl 

149 _ 147 t 359 t 337 t 330 . 329 .324 
(.125 c 1 19 _ 118 :2L5l^Vl ^ij>Jl 409 

. 147 . 145 . 144 . 142 . 139 t3 n _ 312 : LJUiJl ^ISJl oLkJl 

150 358 



316 _ 315 



-L- 



36 .33 ^ _ 315 t312 t30 7 : i^L^Jl iiLUl 

.547 .265 .97 .27 : ^.Ujh.j ^ _ 332 ,330 . 3 27 _ 323 .316 

_ 646 .632 _ 631 .624 _ 621 t353 t349 t347 t337 t333 

.727 .694 .683 .654 .649 t 3g6 .379 .377 .360 .356 

764 .733 399 _ 395 t388 

_ 430 .426 _ 425 : ^l^xJl iSlkJl 
.443 . 441 .435 _ 433 (.431 
49 _ 46 : JliJl jUJl _ 4 6 o t 457 t 455 _ 454 t 452 

620 _ 492 .490 . 488 .465 (.461 

111 :jj-Jj i u 1j"Lii> (.518 (.516 .500 . 497 .493 

523 _ 520 

" " 364 : SiJu»cuJl 5SUaJl 

46 :>U^_ t jjli jli 1 551 .548 . 547 : aXjISLJI iSUaJl 

133 ijOx^J! .630 _ 629 .627 _ 624 .621 
133 :ijly> c^j^ii 654 .650 .647 .642 .634 
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469 £&a 
428 Jljjl 
144 : ioL^^SOl olji>^Jl 
144 : olji^Jl 
c43 i38 t34 . 31 : jj^jL 

79 

123 : (_£ ^$LJl ^ yi 
482 : jULLkJl Jj^, 
114 1 105 c 103 :JJU>JMI oViU* 
c 129 . 128 c 126 . 125 c 1 15 _ 
151 c 147 1 136 
(.103 :'^^>J\ o^L*_« 

125 c 118 
(.103 :^U>UJl JiU^I 
. 128 c 126 _ 125 c 118 c 110 

129 

1 103 :iJo>lS^Jl JiLL^Ml oMjL~ 
129 _ 127 c 125 <. 118 
152 :iJuJl c/^UJl 
(.110 (.105 (.103 :ijjlj_Jl 
(.135 (.126 _ 118 c 115 . 113 
c 151 (.147 . 145 (.141 (.139 
158 (.153 
1 103 : ^L-LvilijJl j_aJl cj^iL<_« 

123 c 121 _ 118 
1 103 iLJo.Li^Jl ojlj^Jl o^Uj 
c 126 c 123 c 121 _ 120 c 118 

128 



- O - 

t 469 _ 468 t 425 : ^ij-^J jjJU 

472 

149 (.114 :JJU>J^I j^li 
_ 524 t 522 (.519 . 518 jjJli 
533 t 530 t 528 t 526 
307 :J/Vl dJL*Lo_^l j^U 
103 l^yWl dULa^jJl j^li 
433 j^li 
t431 t 425 :jLjJJ ^^5" jj^U 
450 t 447 _ 444 

541 iJJlrijlSai 
245 .240 jl£JI 
t 270 t 267 :*UJl ol^Jl 
(.212 (.198 . 195 oL^Jl 
t 268 . 267 c245 (.215 . 214 
666 _ 665 t 270 
721 : jj^ii '■(J'j^ 
124 : Lr ^~r 'vi 5 

- J - 

721 : jjiwiji 

-r- 

29 : iJuJl ol jJcuJl 
29 : ^LpUaJI ol ^JcuJl 



29 1 27 :i^UJJl y.iUJl 
70 : ip^-JJ ^jj^l (j--^- 3 
133 IjjJJ! <• jtj* 

- j - 

30 l^^JuJl gltJl 
30 :^UJJI gjUl 
281 t 279 c228 _ 225 : Lr idl i™J 
1 67 . 63 1 60 - 59 : o!_^>Jl JJU 

93 

_ _& _ 

111 

621 

622 : i^la-^Jl ipj~Jl axjs 
. 631 t629 : ^Jki^Jl io^Jl 

632 

- J - 

307 :JjUl Jujj 
135 :ibl^Vl Jb- ci^j 
138 : pS'l^l -b- cJ-^ j 
135 : jUjJI i_ 

428 :£jjJJ SLUJi jJl 



c 103 lo^-^Jl iJjlj-^Jl 

128 c 123 _ 121 c 118 
_ 478 t 439 :5_^iJl SJjlj^ 5J.>1*_« 
c 515 c 511 t 508 t 486 t 479 
519 _ 518 
431 : i^iJl JiLUJl itaUw 
t425 : ^Jl ~<~>J^S\ JsU>ol itaU-a 
(.481 c465 t 457 c444 t 439 
501 t 497 c483 
t 547 t360 . 359 : ^j->j-> 5J.>L*_« 
_ 633 i631 - 629 t 624 c 551 
t 645 c641 . 639 .636 .634 
654 .652 .647 
501 : 4JU2JI iijl j» itaU* 

307 lij-^l 4>Jl*Jl 
.601 _ 596 .547 : aLu,Vl J^L*-« 

665 .654 
.234.231 c 163 : J^li_Jl Jjl^ 
.255 .244 .242 .238 _ 237 
_ 286 .284 . 279 .262 .257 
293 _ 290 .287 
620 (.612 .606 : ^jJl jlw 
_ 559 .554 :^k^Jl ^jJl 

612 .563 .560 
571 .563 :<£jljJl ^jJl jlw 
c312 .29 .27 



321 1 168 .314 
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iL ^jj-JI (jJLjJI LfcJI ^1 ■•■';'»" 

■ JiU^VI ' ^Oljj y-UU lilU ^3A.VI JJllll 

.JiLUIj .UitJl Jl* jjuili* JS-SJ 
UL.VL S1.J-JI Jiji-JI -Uj-i^II (UjJIj 
«Uij-Laj 11 t lj«j< Hj i3«il iii ill ^Jl 

l_JLUU j-j-^Ij-H »J-» j^3j .La^jjlLlj LliVSfl 
3 »~ 11 3 wJ ' J N * 1) ' < *' ! 4r SLm-^Ij 3bjj 
fj^uj-t (JJ-*J ^Jl 4_-^j_i]j L^LkjIj 1!LiJ ■ 11 

.JJLjJLui l^p^lj 3luL - J-jLx&Jl 3 -m' 1 J 11 

i^P-ilj 3 - » 2- 3 ;''*;*■ 11 3 -m 1 : j 11 p 

3 1 j^ m - H ■■'!** 3 ^"iX3 11,11 a ^^J lt J 

luUll iL 5L(jL«JI 5U.U*Ilj 

• SLujJl ^1 Ij^^VI (> 3 ;i'-» <U*.jSllj 
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